AD-764  958 


RESISTANCE  OF  TRANSOM-STERN  CRAFT 
IN  THE  PRE-PLANING  REGIME 

John  A.  Mercier,  et  e.1 


Stevens  Institute  of  Technology- 


Prepared  for: 

Naval  Ship  Systems  Command 
June  1973 


DISTRIBUTED  BY: 


Sstfesl  iKhnkd  laferBatas  Straw 

v* M&mm  0f  fmmm 

5285  Port  Roysl  Road,  Spnnffwirf  Vs’  22151 


Best 

Available 

Copy 


A  O'?  (j  y  9  5 f 


DAVIDSON  LABORATORY 

Stevens  institute  of  Technology 
Cistle  Point  Station 
Hoboken,  New  Jersey  07030 

Report  SiT-OL-73-1667 


June  1973 


RESISTANCE  OF  TRANSOM-STERN  CRAFT 
IN  THE  PRE-PLAN  I NG  REGIME 


John  A.  Mercie.  and  Dan , „  1  So/itsky 


This  research  was  sponsored  by  the 
Naval  Shi;  Systems  Command 

Explc  otory  Development  Research.  Program  SF  35421009 
end  prepared  under  Office  of  Naval  Res  arch 
Contract  NO' 01 4-67-A -0202-001 4 
NR0C2-41 9/9- 18-68  (Code  438) 

(0L  Project  i 11/3629) 


This  docu-ieni  has  been  approved  for  public  release  and  sole;  its  distribution 
is  limited,  'mm I  I  II"  ITT  I  l| 

#■***'  ~i — ^ - ****wtmi^W<  n  ‘  1  mm ‘i  I  *-|-irrrr‘i  fri — V  Tr  m  I  ■  I  a 


VMfi  r  1  1  l"*l*rr“r''1,',CT*‘ThrT»iiirT  n - '1  iiiikiiT 

titfr  .  -^lerfuhrf^.  ;  :;-x  ■<»!>!>  jaffpf 


V  i 

/i  pp. 

+  - 

dices  A  , 

b 

+  2 

gures 

UNCLASS i F 1  ED 


DOCUMENT  CONTROL  DATA  -  R  &  0  | 

i.r.ion  i-lifiliraln  /  <7 1  title,  tmlt  at  nnttmet  ttntl  hu!t*in£  ivxtolrtinn  tftt-t  he  entered  m,  -a  the  nereaV  «•/»«'  !■»  ,(««■./}  | 

*  nuiCiNi  f  IMC  AC  IIVI  t  Y  fCdfpOWlf 

DAVIDSON  LABORATORY,  STEVENS  INSTITUTE  OF  TECHNOLOGY 
CASTLE  POINT  STATION,  HOBOKEN,  NEW  JERSEY  07030 

la.  REPORT  tCCUni  t  y  cl  Aisirjc  a  tion 

UNCLASSIFIED 

»  BfPORt  fiTLC 

RESISTANCE  OF  TRANSOM-STERN  CRAFT  IN  THE  PRE-PLANING  REGIME 

4.  OCiCAiPTiVE  NOTES  (Typ*  of  trpo*t  Of ^inclusive  dote 9) 

FINAL 

»  autmoaiSI  (First  nsm*.  mtddia  initial,  last  nsm*) 

JOHN  A.  MERCIER,  DANIEL  SAVITSKY 

A.  REPORT  OATf 

JUNE  1973 

7*.  total  ho.  of  pace*  ib.  mo.  or  iters 

viii+52  pp.+Aopendice  i  23 

A  and  B  -t  Ik  figures  3  . 

**-  CONTRACT  OR  CR  AMT  NO. 

H000 1 L-67-A-0202-001 4  ;  NR062-4 1 9/9“  1 8-88 

6.  fno.-ecr  mo.  (Code  438) 

0L  Project  111/3629' 

c, 

4. 

W.  ORIGINATOR'S  REPORT  MUUBERtS) 

S1T-DL-73-1667 

9b.  OTHER  REPORT  NO(S»  (A rtf  athst  mtmbars  (bat  may  ba  as itfnad 
this  taport) 

IQ*  DISTRIBUTION  STATEMENT 

This  docunent  has  been  approved  for  public  r 

elease  and  sale;  its  distribution  is  un-  j 

ll  INi  i  iru  ■  jjili  W*  H  i  II  1  |M  A.AACA3-tnMWfc’»Ta 

It.  1UPPLEMENTART  notes 

<1 

tt-  tAOHMAIN*  lALITMT  ACTiVITT 

NAVAL  SHIP  SYSTEMS  COMMAND 

EXPLORATORY  DEVELOPMENT  RESEARCH  PROGRAM 

SF  35421009 

•  3.  *8|TR*CT 


^An  analytical  procedure  is  presented  for  predicting  the  resistance  of  transom- 
stern  hulls  in  the  non-planing  range  —  specifically  for  volujne  Froude  numbers  less 
than  2.0.  The  predictive  technique  is  established  bv  a  regression  analysis  of  the 
smooth-water  resistance  data  of  seven  transom-stem  Hull  series  which  included  118 
separate  hull  forms.  - 

The  statistical fy-based  correlation  equation' Is  a  function  of  slenderness  ratio, 
beam  loading,  entrance  angle,  ratio  of  transom  area  to  maximum  section  area  and 
volume  Froude  number.  This  equation  can  be  used  to  estimate  the  lew  Froude  number 
resistance  of  planing  hull  forms  in  the  early  stages  of  design.  „ 
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ABSTRACT 

An  analytical  procedure  is  presented  for  predicting  the  resistance 
of  transom-stern  hulls  in  the  non-planing  range  —  specifically  for  volume 
Froude  numbers  less  than  2.0.  The  predictive  technique  is  established  by 
a  regression  analysts  of  the  smooth-water  resistance  data  of  seven  transom- 
stern  hull  series  rhich  included  118  separate  hull  forms. 

The  statistically-based  correlation  equation  is  a  function  of  slen¬ 
derness  ratio,  beam  loading,  entrance  angle,  ratio  of  transom  area  to 
maximum  section  area  and  volume  Froude  number.  This  equation  can  be  used 
to  estimate  the  low  Froude  number  resistance  rf  planing  hull  forms  in  the 
early  stages  of  design. 
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NOMENCLATURE 

i 1,1  coefficient  of  resistance-estimating  Equation  (5)  or  (6) 

transverse  section  area  at  transom,  ft2 

maximum  transverse  section  area,  ft2 

beam,  in  general,  ft 

waterline  beam  at  transom,  ft 

maximum  waterline  beam,  ft 

correlation  (roughness,  etc.)  allowance  on  specific  resistance 
block  coefficient 

specific  frictional  resistance  (e.g.,  Schoenherr  formulation) 
midship  section  coefficient 
longitudinal  prismatic  coefficient 
Teller's  resistance  coefficient,  ®  » /AV2 

speed  coefficient  (used  for  planinq  liuil  analyses,  especially) 

VA/gT 

waterpiane  coefficient 

3  3 

static  beam-loading  coefficient,  ii/wS^  =  y/8^ 
length  Froude  N umber,  V,VgL 

volume  Froude  Number ,  V/\A?.3° 
acceleration  of  grav:ty,  32.2  ft/s ecs 
half-angle  of  entrance  of  waterline  at  bow,  deg 
length,  la  general 

wetted  length  of  keei  (see  Fig.  1),  ft 

length  between  perpendiculars  (at  design  waterline  endings),  ft 

*  e 
V*  t 
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length  of  waterline,  ft 

distance  of  ccnter-of-buoyancy  from  ft  ,  positive  aft 

distance  o~  center  o?  gravity  from  ft  ,  positive  aft 

resistance,  in  general,  ib 

total  resistance  for  craft,  ib 

residuary  resistance,  lb 

wettac  surface,  ft3 

draft  {raaxiircura}  ,  ft 

V2i e  (parameter  in  resistance-estimating  Equation  (6)) 
speed,  ft/sec 

(parameter  in  resistance-esticsating  Equation  (6)} 

3 

specific  weight  of  water,  Ib/ft 

(parameter  in  resistance-estimating  Equation  (6)) 

{parameter  in  resistapee-estiipating  Equation  (6)) 

coefficient  in  equation  for  estimating  effect  of  variation  of  LCG 
a-  resistance  (Eq.B-I,  Appendix  3) 

deadrise  angle,  deg 

3 

% 

coeff icier.  1*1  n  equation  for  estimating  effect  of  variation  of  LCG 
or,  resistance  (Eqs.3-i  »B-2,  Appendix  3) 

Coefficient  In  equation  for  estimating  effect  of  variation  of  LCG 
on  resistance  (Eqs.B-I ,5-3 »  Appendix  5) 

craft  dispicce«ent,  lbs 

LCG  position  parameter,  see  Appendix  S 
ereft  dispiaced  volume,  ft3 

sear,  wetted  lenqth-beara  ratio  (see  rig.  i) 
chine  wetted  iength-bssa  ratio  (see  rig,  S) 

side  wet led- length-bean  ratio,  where  flow  which  separated  frera  chine 
acy  reattach  to  side  of  prismatic  hull  (see  fig*  I) 

trigs  angle  of  planing  area,  deg 
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The  nor.-pianing  predictive  technique  is  established  by  3  regression 
analysis  of  the  ssooth-wster  resistance  data  of  seven  transse-stem  hull 
series  which  Included  I  IS  separate  hull  tones.  The  analysis  derives  a 
statistical I>  based  corYsUtioft  equation  which  is  a  fsrivticn  of  s!e*  ~ r~ 
ness  rat i j,  bess  loading,  waterline  entrance  angle,  and  ratio  of  t ran? cm 
area  to  aesisiss  section  area.  This  equation  can  fee  used  to  estimate  the 
resistance  of  other  forss  In  the  sariv  stages  of  design.  Separate  equa¬ 
tions  are  developed  for  e-cch  voltage  Froude  nurier. 

A  cucplete  description  of  the  characteristics  of  the  l»8  s=odeIs  of 
the  seven  trsnste-stem  hull  series,  including  body  plans,  bow  and  stern 
profiles,  design  waterline  endings,  and  the  resistance  characteristics, 
arc  contained  herein.  A  brief  analysis  of  the  effect  of  LCS  or.  resist¬ 
ance  13  also  presented,  illustrative  exaspies  are  included  dssons  Crating 
the  application  of  the  predictive  technique  to  several  ad  hoc  hull  forss. 
The  effect  ot  changes  in  fora  parameters  on  resistance  Is  deqon-trateil 
and,  f*«a!ly,  the  statistics!  accuracy  of  th*  predictive  procedure  Is 
discusses. 

This  study  was  sponsored  fey  the  naval  Ship  Systems  Cosssnd  and 
adnlnlstered  by  the  Office  of  Hsval  Research  issuer  C-  ntreci  S0KH4-S/-A- 
0202-vGih, 
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HYDRODYNAMIC  PHENOMENA 
RELATED  TO  PLANING  HULLS  IN  SMOOTH  WATER 

!n  order  to  provide  a  proper  perspective  for  the  resuits  of  the 
present  study,  a  description  is  given  of  the  hydrodynamic  phenomena 
associated  with  transom-stern  hulls  when  running  in  smooth  water  over  a 
wide  speed  range. 

a)  At  zero  and  la-/  speed,  planing  boats  are  displacement  hulls, 
obtaining  their  entire  lift  by  buoyant  forces. 

b)  As  speed  increases,  to  speed  coefficient  (based  on  transom 
beam)  Cy  =  VA/gBy  =  0.50  ,  there  appears  the  first  visual  evidence  of 
the  influence  of  dynamic  effects  upon  the  flow  patterns.  Complete  venti¬ 
lation  of  the  transom  occurs  and  appears  to  be  independent  of  deadrise, 
trim,  or  hull  length  for  typical  values  of  these  parameters.  Also,  as 
shown  in  Reference  I,  there  is  a  loss  in  resultant  hydrodynamic  lift 
wher  compared  with  the  purely  static  lift  corresponding  to  the  draft  and 
trim  of  the  craft.  The  bow  is,  of  course,  immersed  at  this  speed  and  adds 
to  the  total  hydrodynamic  drag. 

c)  At  speed  coefficients  between  0.5  and  1.5,  the  dynamic  effects 

produce  a  positive  contribution  to  iift  although,  in  most  cases,  not 
sufficient  to  resuit  in  a  significant  rise  of  the  center  of  gravity  or 
emargence  cf  the  bow.  Generally,  the  flow  has  only  slightly  separated 
from  the  forward  length  of  the  chine  so  that  there  Is  significant  side 
wetting,  in  this  speed  range,  the  craft  is  essentially  a  high-speed 
displacement  hull.  It  is  within  thl 5  speed  range,  where  there  is  bow 
inversion  and  large  side  wetting,  that  3  suitable  analytical  procedure 
for  resistance  estimates  does  not  This  Is  essentially  the  speed 

area  covered  by  the  present  study. 

d)  At  speed  coefficients  larger  than  approximately  1.5,  a  well- 
designed  planing  boat  should  develop  sufficiently  large  dynamic  lift 
forces  to  result  in  a  significant  rise  of  the.center  of  gravity,  some 


positive  trim,  emergence  of  the  bcw,  and  separation  of  the  flow  from  the 
hard  chines.  The  hydrodynamic  resistance  is  due  to  the  horizontal  com¬ 
ponents  of  the  bottom  pressure  force  and  the  friction  component  of  flow 
over  the  bottom.  There  is  no  bow  contribution  to  drag. 


It  has  been  found  that  the  flow  which  separated  trom  the  chine  may 
reattach  to  the  side  of  the  prismatic  hull  at  some  distance  forward  of 


the  transom  for  certain  combinations  of  C^.P.T  and  mean  wetted  length- 


beam  ratio  X  .  An  empirical  formulation  and  confirming  test  data  for 
defining  the  extent  of  side  wetting  are  given  in  Figure  1.  The  slope  of 
the  line  through  the  data  is: 


X  -  X  =  C  sin? 
C!  Cs  v 


(0 


To  define  the  operating  conditions  for  the  chines  dry  case,  Xc  should 


be  equal  to  zero.  From  the  wetted  area  relations  given  in  Reference  1,  it 
can  be  shown  that: 


X  «  >  ,  JL  tan-8 

Kcx  K  2tt  tanT 


(2) 


Thus,  for  chines-dry  planing  of  a  prismatic  form,  it  is  necessary  that 

(3) 


C  =  X  -  0.16  tang/tanr 
v  3  r»  i  nT 


This  formulation  is  conservative  for  typical  planing  hull  forms 
where  the  transom  beam  is  smaller  than  the  roaximisn  beam  and  where  the 
sides  are  not  vertical  as  for  the  prismatic  models,  but  have  tumblehome. 

The  trim  of  a  planing  craft  usually  attains  its  maximum  value,  re¬ 
ferred  to  as  hump  trim,  at  speed  coefficients  of  approximately  1.5  to  2.0. 
As  the  speed  increases,  the  trim  decreases  again  and  the  wetted  keel 
length  increases.  Depending  upon  the  load  and  LCG  position,  the  bow  may 
again  become  immersud  when  the  speed  coefficient  is  sufficiently  high. 

The  planing  equations  of  Reference  1  can  be  used  to  determine  the  velocity 
end  load  conditions  when  bow  iivsnersion  wsjl  reoccur.  In  these  high-speed 
caaes,  the  bow  drag  increment  is  relatively  small  since  the  large  rise  of 
the  boat's  center  of  gravity  assures  only  smali  lianersions  of  the  bow. 
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It  has  been  observed  that  the  planing  performance  predictive  techniques 
of  Reference  1  provide  reasonably  realistic  results  at  these  'nigh  speeds. 

e)  Summary;  Figure  2  illustrates  quantitatively  some  of  the  plan¬ 
ing  and  non-planing  features  described  above.  The  smooth  water  resistance 
and  trim  are  plotted  versus  volume  Froude  number  (Fn_  =  VA'g”1^  }  for 

the  L/8  =  2  hull  (Model  466?)  of  Series  62  planing  forms  (deference  3) . 

F  is  used  as  the  absicca  since  it  is  the  speed  coefficient  used  by 
nV 

Clement  and  Blount  in  Reference  3-  For  this  case,  F  „  ~  1.5  C 

nv  v 

The  unshaded  areas  on  these  plots  indicate  the  speed  range  where 
the  -wetted  keel  length,  as  measured  in  the  model  tests,  is  less  than  the 
LWL.  The  circles  represent  tne  trim  and  resistance  as  computed  by  the 
planing  formulations  of  Reference  1.  In  the  speed  range  where  L,,  <  LWL  , 

f\ 

the  bow  is  essentially  clear  of  the  water  and  there  is  good  agreement 
between  computed  and  measured  results.  For  F  less  than  approximately 
2.0  where  L  >  LWL  ,  so  that  the  bow  is  immersed,  the  measured  resist- 
ance  is  considerably  larger  than  that  predicted  by  the  planing  formulations, 
thus  illustrating  the  large  influence  of  bow  immersion.  This  effect  is 
particularly  evident  at  the  forward  position  of  the  LCG  which  exaggerates 
bo/  immersion. 

At  larger  than  approximately  4,  when  L^  is  again  larger 

than  L,,^  >  the  computed  and  measured  resistance  are  reasonably  ;r.  agree¬ 
ment,  thus  demonstrating  the  less  serious  effect  of  some  bow  immersion 
in  this  speed  range,  it  is  also  to  be  noted  that  there  is  agreement  be¬ 
tween  measured  and  computed  trim  atigies  in  planing  range  when  F  £  2.0  . 

It  appears  then  that  the  development  of  a  resistance  predictive 

procedure  for  transom-stern  p’*anlnq  bulls  for  F  „  £  2.0  Is  reculred  if 

nV 

analytical  predictions  of  performance  are  to  be  made  over  the  entire 
speed  regime.  It  is  recognized,  of  course,  that  the  installed  horsepower 
for  craft  designed  for  maximum  spued  in  the  truly  planing  range  will  be 
considerably  larger  than  for  F  s  2.0  .  However,  the  usual  cruise  sDeed 
of  small  military  craft  is  In  the  range  of  5  £  7.0  .  This  is  the  speed 

range  wherein  the  craft  operates  for  most  of  its  life  Pnd,  hence,  requires 
some  rational  design  guidance  in  order  to  achieve  'low  resistance  for 
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maximum  fuel  economy  or  for  the  selection  of  cruise  engines  separate 
from  the  main  high-speed  drive  engines. 

The  subsequent  sections  of  this  paper  are  concerned  with  the  de¬ 
velopment  of  an  analytical  procedure  for  resistance  prediction  in  the 
non-planing  speed  range. 
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DESCRIPTIONS  OF  AVAILABLE  METHODICAL  SERIES 

The  development  of  the  resistance-prediction  equations  has  been 
based  on  published  results  of  resistance  tests  carried  out  for  several 
methodical  series  of  transom-stern  craft-  These  methodical  series 
results  afford  the  considerable  advantage  of  being  relatively  well  or¬ 
ganized  and  documented  and,  hence,  the  information  required  such  as  hull 
form  characteristics  can  be  more  readily  obtained  than  is  the  case  for 
most  ad  hoc  model  test  results-  Since  applications  are  intended  espe¬ 
cially  for  relatively  small  high-speed  craft,  without  skegs,  certain 
series  data  which  are  felt  to  represent  large  moderate  speed  ships  are 
not  considered. 

The  chief  characteristics  of  the  model  series  are  exhibited  in 
Tables  la-q.  The  descriptive  information  contained  in  these  tables  in¬ 
cludes  statement  of  authorship  of  the  publication  containing  performance 
results  for  the  series  (complete  information  on  the  source  publication 
is  given  in  the  list  of  references);  e  tabulation  of  the  range  of  values 
of  geometric  characteristics  of  the  models  of  the  series;  a  brief  des¬ 
cription  of  the  number,  construction  and  size  of  models  used,  together 
with  information  concerning  turbulence  stimulation,  if  used,  and  the 
range  of  speeds  used  for  the  tests;  location  end  size  of  test  facility; 
the  figure  nunber  in  this  report  which  contains  the  body  plan,  bow  and 
stem  profiles  and  design  waterline  endings  for  the  parent  form  of  the 
series:  remarks  concerning  the  characteristics  of  the  hull  forms  and  the 
expected  operational  regimes  of  the  craft;  a  brief  description  of  the 
manner  in  which  results  are  presented;  the  friction  correction  method 
is  noted,  and,  a  listing  of  other  related  investigations  besides  re¬ 
sistance  testing. 

The  tabulations  of  ranges  of  geometric  characteristics  of  the  seven 
series  covered  are  combined  in  a  separate  Table  11  for  convenience  In  mak¬ 
ing  comparisons.  Complete  listings  of  the  geometric  character:st«cs  of 
each  of  the  118  node's  of  the  several  series  used  In  deriving  the 
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resistance-prec'ction  equations  are  given  in  Tables  iiia-g.  numeric Jaiufe 
Is  in  accord  with  the  iTTC  standard  listing. 

Complete  listings  of  the  resistance  character istics  derived  for 
each  <f  the  118  models  used  are  presented  in  Table  IVa-g  For  total  re¬ 
sistance,  in  terms  of  !b/!h-dispiacement  for  a  100, 000-lb  craft  in 
59 °F  S.W.,  with  =  0.0,  and  in  Table  Va-g  for  residuary  resistance, 
Jb/lb-displacement.  Values  are  given  for  eleven  values  of  volume  Froude 
number,  F  ,  1 .0, 1 . 1 , 1 .2, . . . ,2.0,  which  are  considred  to  cover  the  in¬ 
teresting  non-planing  speed  range  for  virtually  all  of  the  vessel  forms 
concerned.  The  19^7  ATTC  (Schoenherr)  friction  coefficients  were  used 
for  extrapolation  from  model  to  full  size  with  one  exception  (noted  in 
Table  !):  for  the  S5PA  series,  the  residuary  resistance  coefficients 

,  Q 

presented  by  Lindgren  and  Williams''  were  determined  using  the  1957  ITTC 
friction  coefficients.  Over  the  range  of  speeds  considered,  the  residu¬ 
ary  resistance  derived  using  the  ITTC  coefficients  is  lower  than  those 
derived  with  ATTC  coefficients  by  1«  j£  than  about  2.5%.  The  difference 
in  total  resistance  is  less. 
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DERIVATION  OF  RESISTANCE  EQUATIONS 

The  resistance  results  for  the  118  models  of  the  seven  different 
series  of  transom  stern  hull  forms  have  been  analyzed  to  derive  a  statis¬ 
tically-based  correlating  equation  which  can  be  used  to  estimate  the 
resistance  of  other  forms  in  the  early  stages  of  design. 

PREVIOUS  ANALYSES 

12 

Doust  first  applied  the  method  of  statistical  analysis  of  resist¬ 
ance  data  tc  trawler  hull  forms,  using  data  for  all  trawler  models  tested 
in  Tank  Ho.l,  National  Physical  Laboratory,  Teddington,  England.  The 
residuary  resistance  coefficients  were  curve-fitted  at  four  speed-length 
ratios,  Y/./L  =  0.80,  0.90,  1.0,  and  1.0,  deriving  equations  by  the  method 
of  least-squares  which  express  the  resistance  as  a  function  of  six  form 

parameters  LL/E,  B/T,  C  ,  C„,  LC8/L  (%)  and  i  J.  The  equations  derived 

n  #  pp  e 

contain  30  coefficients  for  each  speed  parameter.  The  resulting  equation 
produces  predictions  of  good  accuracy  compared  with  model  tests:  "the 
differences  between  measured  and  calculated  resistance  coefficients 
(CTL  =  RjU/AV2 ,  for  ZGQ-ft  L  vessels)  were  l-.ss  than  3%  for  95%  of  the 
cases  except  for  V/yL  =  1.00,  where  the  rate  of  change  of  C_^  with  VA/l 
is  quite  high,  and  the  differences  here  were  v ithin  5%  for  85^  r,f  the  cases 

Doust  has  also  applied  Che  method  of  ieast  squares  to  arslyze  pro¬ 
pulsion  data  for  trawiers^’*^  and  resistance  and  propulsion  data  for 
.  14 

random  high-speed  merchant  vessel  forms.  This  type  of  analysis  has  also 
been  applied  by  Sabit  to  data  of  related  forms  including  Series  60,^  and 
the  British  Ship  Research  Association^  methodical  series  of  merchant  ship 
forms. 

A  very  Interesting  analysis  has  been  undertaken  by  van  Oortmerssen^ 
of  the  Netherlands  Ship  Hode!  Basin  in  which  the  speed  dependence  of  the 

*•  A 

resistance  is  incorporated  according  to  some  concepts  given  by  Havelock.1 
jn  this  way  a  single  equation  can  be  derived  which  is  valid  over  a  range  of 
speeds,  compared  with  the  method  of  Doust  In  which  a  separate  equation  is 


f cqu i red  tor  coCh  Speed-  An  additirnal  advantage  is  that  it  may  be  ex¬ 
pected  that  some  extrapolation  beyond  the  speed  range  of  the  input  data  may 
be  permissible  since  the  speed  dependence  of  this  equation  is  theoretically- 
based.  Application  of  this  method  to  random  data  for  small  ships  such  as 

trawlers  and  tugs  resulted  in  an  equation  which  gives  predictions  of  lesser 

12  13 

accuracy  than  those  reported  by  Doust.  *  The  differences  between  meas' 

ured  and  calculated  resistance  are  iess  than  12%  for  30%  of  the  cases. 

For  the  present  analysis,  Doust's  type  of  analysis,  i.e.,  a  separate 
equation  for  separate  values  of  the  speed  parameter,  is  applied  rather  than 
van  Oortmerssen's.  The  reason  for  this  is  that  theoretical  analyses  do  not 
provide  comparable  guidance  for  the  speed-dependence  of  the  wave-making  re¬ 
sistance  of  transom-stern  craft,  as  they  do  for  conventional  stern  vessels. 


1 


The  present  analysis  is  intended  to  cover  the  hump  drag  regime  which 
general iy  corresponds  with  the  last  and  largest  hump  in.  the  curve  of  wave 
resistance  versus  Froude  number  which  exhibits  significant  oscillations 
(humps  and  hollows)  over  the  lower  speed  range.  At  higher  speeds  the  craft 
will  either  achieve  a  planing  attitude  or  drive  through  the  water  in  a  dis¬ 
placement  mode  with  an  approximately  constant  wave-resistance  coefficient 
substantially  iess  than  the  maximum  hump  value. 

Particularly  useful  guidance  to  the  analysis  of  resistance  of  small, 

7 

transom-stern  craft  in  this  speed  range  has  been  given  by  Nordstrom  whose 
observations  were  reviewed  and  extended  by  Clement.  '  Nordstrom  found 
that  For  this  speed  range,  the  resistance  per  lb  displacement  for  a  given 
value  of  volume  Froude  number  F^  =  V/*/gV^  ,  Is  most  strongly  dependent 
on  the  slenderness  ratio,  l/v3/3  is,  indeed,  a  highly  important  parameter 
in  regard  to  the  hump  resistance.  The  dependence  on  other  parameters  in 
addition  to  a  more  complete  exposition  of  dependence  on  Is  determined 

by  this  study. 

SATA  AND  EQUATIONS  US£0  IN  PRESENT  ANALYSIS 

The  total  resistance,  Ih  per  lb  displacement,  for  eleven  Froude 
numbers,  Fn^  =  1.0,  1.1,  2.0,  given  in  Table  IVa-g  for  the  I  IS  models 

of  seven  series  were  used  to  derive  equations  relating  the  resistance  to 
some  of  the  hull  fens  parameters  listed  in  Tables  lila-g. 

10 
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f-or  the  snorter,  ful  ler  forms  used  (e.g.,  Series  b2,63)  ,  the 
residuary  part  of  the  resistance  dominates  the  total  resistance  —  in  some 
cases  accounting  for  over  95%  of  the  total,  while  for  the  longer,  finer 
forms  (e.g.,  Series  64).  the  frictional  resistance  predominates  —  in  some 
cases  accounting  for  75%  of  the  total.  Since  R Q/h  is  especially  small  for 
these  slender  forms,  it  was  found  to  be  difficult  to  curve-fit  equations 
which  produced  good  approximations  of  the  R  /A  values  for  the  slender 

K 

forms.  It  was  decided  to  curve-fit  R^/L  since  equations  could  be  obtained 
which  give  reasonably  good  approx ifftat ions  of  the  measurements  for  this  case. 
Since  the  R^/A  values  correspond  to  ships  with  displacements  of  100,000-lb 
5.W.  at  59°F  with  =  0.0,  corrections  ought  to  be  applied  for  other  con¬ 
ditions  of  displacements,  C^,  etc.,  which  depend  on  the  hull’s  wetted  sur¬ 
face.  Methods  will  be  shown  later  for  estimating  the  wetted  surface  and 
for  making  these  corrections,  which  are  usually  not  very  important  except 
for  rather  slender  craft. 


Four  parameters  were  selected  for  inclusion  ;n  the  resistance  es¬ 
timating  equation: 

1-  L y. —  since  Nordstrom  has  demonstrated  its  importance. 

2.  =A/wB®  =v/B^  —  since  planing  performance  (particularly  roi*-"-h- 
water  performance)  is  strongly  affected  by  this  parameter  ant 
may  be  expected  to  have  significance  for  high  sub-planing  speed 


3.  i  —  waterline  half  entrance  angle,  since  preliminary  graphical 
correlations  suggested  this  parameter  to  be  preferable  to  L/B. 

4.  Ay/Ajj  —  ratio  of  transom  area  to  maximum  section  area  since 
hydrostatic  and  hydrodynamic  considerations  indicate  the  sepa¬ 
ration  of  flow  at  the  trsnscm  may  produce  an  increment  of  re¬ 
sistance  (cavity  drag),  this  parameter  is  included. 


Additional  parameters  which  are  known  to  have  substantial  effects  on 
resistance  in  seme  speed  ranges  are  emitted  in  the  present  case  for  partic¬ 
ular  reasons.  The  LCG  locations  are  generally  not  varied  for  the  :  'nodical 
series  whose  results  are  being  used  for  this  analysis.  However,  sc*,  al  of 
the  models  of  the  different  series  have  been  tested  with  varying  LCG  loca¬ 
tions  and  results  suggest  that  the  reported  data  (re-presented  here  In 
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Tables  IV  and  V)  correspond  to  optl-reum  or  near-optimum  LCG  conditions. 

An  approximate  method  for  correcting  resistance  predictions  to  other  LCG 
positions  is  presented  in  Appendix  B,  based  on  results  of  tests  on  Series 
62  hard-chine  models  (Reference  3)  and  Series  63  round-bilge  forms  (Ap¬ 
pend  A).  Other  parameters,  such  as  deadrise  angle  and  hard-chine  or 
round-chine  shape,  which  are  important  for  planing  speeds,  are  felt  to  be 
of  lesser  significance  for  this  lower  speed  range.  A  complete  presenta¬ 
tion  of  the  relationships  amongst  hull  form  parameters  for  the  !iS  hull 
forms  will  be  given  with  a  discussion  of  the  range  of  applicability  of 
the  derived  equation  in  the  next  section. 

Actually,  V^/LVI  was  used  in  the  analysis  because  the  resulting 

equations,  especially  with  reduced  numbers  of  terms,  gave  slightly  more 

favorable  fits  to  the  data.  Inspection  of  Nordstrom's  resistance  eor- 

1  /I 

relations  suggests  that  -  cons  tan  t/(.Ly._/V  ),very  approximately. 

The  waterline  rulf-entrance-angie.  j,  enters  the  equations  as  -Jti  , 
a  form  suggested  by  the  preliminary  graphical  analysis.  The  symbols  used 
in  the  curve-fitted  equations  are  denoted; 


X  = 

Z  *  v/B^ 

U  =  ./2T7" 

w  =  at/ax 


All  dimensions  used  in  Forming  these  coefficients  should  correspond 
to  waterline  measurements  from  the  Hues  plan  at  the  Stillwater  (V  =  0) 
draft  and  trim.  and  A^.  are  the  maximum  wateriine  breadth  and  section 
area,  respectively,  which,  in  general,  do  not  occur  directly  amidships. 

Least-squares  curve-fitting  was  applied,  starting  wi  -  a  genera! 
27-terra  equation,  viz., 

R_/a  =  4+AaX4A3Z+A*i>fAiW4AaXZ^7XU+AgXV^AaZU^0Zw4A1,  S5T+A,  gZ3 
4A,  4  s y3^  6xr 4A  7Xl?*A  3XW~-w\  ?  ZX2^,. ?Xp^.zx  ZWs24AJ2UX2 

+Ag3  UT*  •+  lit2  4-  Agjj VX*5  +  AggWZ*  +  Ag?W4g 

and  terns  which  were  of  seal!  significance  slialnatec,  untfi  further  elimin¬ 
ation  of  terms  produced  s  significant  degradation  of  the  goodness  of  fit,- 
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as  judged  by  s)  the  average  of  the  absolute  vale?  of  the  per  cent  dif¬ 
ference  between  the  measured  and  calculated  resistance,  and  b}  by  the 
square  root  of  the  sum  of  the  squares  of  the  differences.  Figure  10 
shews  the  variations  of  these  parameters  as  a  function  of  the  number  of 

terms  retained  in  the  course  of  arriving  at  equations  for  F  =  1.5  . 

n? 

Two  calculating  schemes  were  used:  in  the  first,  the  least-squares 
method  was  used  to  minimize  the  magnitude  of  the  differences  between  the 
measured  and  calculated  resistances,  while  in  the  second,  the  method  was 
used  to  minimize  the  percentage  differences,  in  both  cases  the  elimina¬ 
tion  of  terms  results  in  the  ssss  terms  remaining  in  the  reduced  equations 
but  the  coefficients  are  slightly  different.  For  F  =  i.5,  the  Goodness 
of  fit  is  only  slightly  affected  by  reduction  in  number  of  terms  uni  ess 
fewer  than  about  10  terms  are  used. 

FINAL  PREDICTS  CM  EQUATION  (h  =  100.000  L3) 

A  reduction  of  number  of  terms  retained  for  the  equations  is  de¬ 
sirable  for  two  reasons:  a)  with  more  terns,  the  equs«.;ons  may  “fit" 
the  data  better  yet  give  a  poorer  interpolation  formula  for  use  in  ad  hoc 
cases,  since  the  dependence  on  the  parameters  will  in  general  be  less 
’’smooth"  with  more  terms,  and  b)  the  equations  adopted,  while  not  trivial, 
may  be  calculated  without  excessive  difficulty  with  the  help  of  a  modern 
electronic  desk  calculator  {having  aesory  registers,  preferably)  In  lieu 
of  a  prograstaed  computer  —  if  only  a  few  esses  are  required.  The  equa¬ 
tions  selected  for  the  eleven  F  ’s  involve  i*,  terms* 

n7 

Kj/t  =  A,~  A^X-i-  A^IN-  A-W+  A6XZ+  A^Ut  AgXW*  AcZiH-  AJQZW+ 

+  AigW**  AJgZX3+  A^W3*  A, .WIT  (6) 

Values  for  the  coefficients  are  given  in  Table  Vi  for  a  displacement  of 
100,000  lbs.  gome  of  the  lb  terns  arc  omitted  in  each  instance  and  in  no 
case  are  more  than  i3  terns  required.  These  equations  and  coefficJents 
are  based  cn  the  scheme  of  minimizing  the  percentage  difference  between 
measured  end  calculated  resistances. 
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Range  of  App i i cab  ill ty 

An  e>-p:  rical  ly-based  res?  stance  equation  -jay  be  used  to  estimate 
the  resistance  of  craft  whose  characteristics  fall  within  the  range  or 
characteristics  erixcd I ed  in  the  models  "hose  resistance  data  were  applied 
to  derive  the  equation.  Attempts  to  estimate  resistance  of  craft  which 
do  not  have  such  character? sties  must  be  considered  speculative  ?o  a 
greater  or  lesser  extent.  This  warning,  which  is  given  by  ail  authors 
who  nave  developed  erapi rical  resistance-estimating  equations,  is  perhaps 
especially  relevant  for  small-craft  applications  where  designers  often 
adopt  "unorthodox**  hull  lines,  either  by  choice  or  because  of  exigencies 
of  design, 

_  Hui.^_P£0£>0£tJ.°Il.s_ail^_i-03d^i  ng_ 

The  range  of  characteristics  of  the  models  used  in  the  development 
of  the  present  resistance-estimating  equations  are  exhibited  in  the  com¬ 
plete  tabulations  of  hull  geometric  characteristics  given  in  Tables  llla-g. 
To  assist  in  determining  whether  a  given  hull  fora  comes  within  the  range 
of  parameters  represented  by  the  erode  1  s  which  were  used  to  derive  £q.(6), 
plots  of  the  various  parameters  are  given  in  Figures  11-16. 


Relation  Between 


'e  aRd  SfL/7?/3 


Figure  11  shows  the  relationship  between  these  two  important  param¬ 
eters  for  the  series  models  used.  The  boid  enclosing  line  indicates  the 
recommended  limits  of  applicability  of  Eq. (o) .  |n  general,  for  slender 
forms  >  8}  entrance  angles  should  be  low  while  for  fuller  forms, 

entrance  angles  t^ay  be  rather  high  owing  to  the  inclusion  of  the  Series  62 
data. 

1/3 

Relation  between  A _/A^  and  Ly^/y  '* J 


|  I  * 

The  plot  of  A_/A.  versus  U,, /v  "  given  in  Figure  i2  shows  that  i 

*  *  \}X  "L 

s.ddle  range  of  t, '*s,  cannot  be  too  lew  and  for  larger 

_ . _ _ 


L ,s  /y '  : s ,  A-/A-  aust -be  near  Again,  Series  62  accounts  for  ex- 

1  *  j/3 

Erase  values  of  Ay/A^,  ,  as  well  as  ,  for  lower  range  of  t.,,  /v  . 
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Relation  Between  CA  and  Ly, /7 

The  loading  coefficient  CA  may  be  expressed  I r*  terras  of  the 

length-beam  ratio  and  L,f, /p"/3  ,  In  the  fore 

**L 

/X.V3  /  -'/3\3 


\  X  /  \*VL  / 


is  shown  plotted  as  a  function  of  1^  /6^  for  the  models  of 
interest  in  Figure  13-  A  convenient  relationship  between  the  parameters 
may  be  expressed  as 


w*,/3-  3-5 


+  0-50teL)i!-5 


free  which  it  Is  possible  to  determine  whether  t»-s  loading  coefficient 
for  a  given  design  falls  wiiHn  the  require.'  range  c  I  rcuascr  I  bed  by  the 
•salts  for  the  series  forms. 

As  shewn  in  Figure  14  the  following  combinations  of  A^/A^  and  I 
are  applicable  to  tq.(5): 

Vx 


A  3#  I 
y.M  J 

-  0.42 

4  -  27-5 

0.52 

1 1  -  27.5 

0 

-  0.70 

15  -  27-5 

, 

,  i  / 

ft  7ft 

•w  .  /  w 

-  0.30 

«  -  ’Hfe  - 0 

for  the  special  cases  Introduced  by  the  Series  64  a. id  5 S FA  forms 
(A_/Av.  =  0.4!  and  0.42)  and  the  HPL  models  (A_/A,f  -  0.52),  the  range  of 
I  versus  Aj/Ay  is  extended  to  somewhat  lower  values  while  Series  52 
accounts  for  «ost  of  the  large  transom  area  ratios  as  well  as  waterline 
entrance  angles. 

Relation  Between  C.  and  i 

This  relationship  is  expressed  In  Flours  15  in  the-  fora  of  L.  /3 
Ion  between 
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dependent  on  L  CG  position. 


Appendix  B  contains  a  brief  and  approximate  analysis  of  the  influ¬ 


ence  of  variations  in  LCG  position  c>n  resistance  as  2  function  of  F 

•  r>v  ’ 


,  1/3  n7  1 

S/l'7  and  ig  ,  Equations  are  derived  based  on  duta  for  Series  62s 

models  which  have  fuM  bow  waterline  endings  and  hard  chines  together 

with  some  new  data  for  Series  63  models  (included  i'n  Appendix  A)  which 

have  somewhat  finer  bow  waterline  endings  and  round  bpges.  These  equa- 

a.  ~  _<?sod  on  less  data  than  £q,(6)  and,  hence,  are  con**  ;dered  to  be 

ravner  less  reliable  for  predictions  but  cat>  still  be  expected  to  p-ov.ce 

useful  design  guidance. 


Accuracy  of  Prediction  Equation 


The  total  number  of  resistance  data  points  in  the  "r.ose  planing" 


range  was  l 28?  for  118  models  at  11  values  of  Fp?  (some  model  tests  did 


not  extend  to  the  highest  speeds).  The  distribution  of  the  error  in 
prediction  of  the  lav  speed  resistance  ?s  given  ii;  Figure  18.  The  dis¬ 
tribution  appears  to  oe  approximately  normal.  The  differences  between 
measured  and  calculated  resistance  are  less  than  !0&  for  9C%  of  the 
cases . 


Corrections  for  Other  Displacements 


Results  are  given  by  the  Eq.{6)  which  applies  to  craft  with  500,000 
lb  displacement  in  sea  water  at  59°F,  based  on  Schoenberr's  friction  coef¬ 


ficients  with  correlation  allowance  CA=0.0  .  For  other  values  of  dis¬ 


placement,  Water  conditions,  or  friction  coefficients,  the  results 


can  be  corrected  accord Inq  to  the  relation 


fV)  =  , 

\  A  / corr  U 


V 


■}  +  f  (Ci  +  c.)-c_ 

"100,000  L  F  -  A>  F 
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VT/corr  =  ccrrec?:€d  vaJye  of  R^/ti 
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500,000 


K 

=  value  or  -g“  for  A  =  100,000-lb  SW,  from  Eq.(6) 


C  =  Schoenherr  friction  coefficient  corresponding  to 

F100,000 


R  - 
n 


i  L  'i  1“  „  100,000 

A^73^52-2  x  ~1r- 

1.2817  xIO"5 


Ci  *»  friction  coefficient  for  corrected  displacement, 
water  conditions,  etc. 

S  =  wetted  surface 

The  indicated  correction  will  be  small  (perhaps  insignificant}  for  many 
cases,  especially  for  low  values  of  L/vf^  ,  where  the  residuary  re¬ 
sistance  dominates  the  frictional  component,  which  is  common  in  the 
hump-drag  speed  range.  Tabulated  information  in  Tables  IV  and  V  gives 
guidance  on  the  proportion  of  residuary  to  fri<*tionai  resistance  for 
the  models  used.  The  correction  may  be  significant  for  slender  forms 
having  low  values  of  residuary  resistance  and  relatively  high  wetted 
surface.  The  wetted  surfaces  for  the  models  used,  having  transom  sterns, 
may  be  estimated  rom  the  following  equation  which  was  derived  from  an 
analysis  of  the  Stillwater  values  for  the  models  of  the  series 


S/V2/3  =  2.262^^3  [l  +  0,046  y  +  0,00267b~ 


’A 


(1C) 


which  predicts  S  within  *9%  for  95%  of  the  cases  used. 

An  alternative  formula  for  estimating  wetted  surface  presented  by 
20 

Harwood  and  Silverleaf  is 
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which  exhibits  a  dependence  on  block  coefficient. 
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PLAI.Ii'/G  “  -ISTAKCB  EQUATIONS 


For  the  speed  range  nh&'e  the  craft  is  truly  planing,  i.e.,  when 
the  flow  hes  separated  from  the  chines  and  transom  and  the  wetted  hull 
length  is  less  than  Lyj_  so  that  there  is  emergence  of  the  bow,  computa¬ 
tional  methods  are  available  for  prediction  of  hull  performance  in  smooth 
and  rough  water . ** Although  these  predictive  techniques  are  concerned 
with  prismatic  hull  forms  (constant  beam,  constant  deadrise,  buttocks 
parallel  to  the  hull),  they  have  beer#  successfully  applied  to  actual  hull 
forms  by  proper  selection  of  an  ‘’effect! ve*1  constant  deadrfse  and  beam* 
Savitsky1  presents  s  procedure  for  predicting  the  smooth-water  equilibrium 
conditions  of  a  pianing  hull.  This  work  has  been  programmed  for  high¬ 
speed  computers  and  is  generally  available  to  the  smali  boat  naval 

■y 

architect.  Had'er  extends  this  work  to  include  the  effects  of  appendages 
and  the  direct  and  induced  flew  affects  of  propellers-  Unfortunately,  a 
computer  program  for  this  extended  configuration  Is  not  yet  generally  a- 
vaileble  to  the  small  boat  naval  architect-  Fridsma  presents  the  re¬ 
sults  of  a  systematic  study  of  the  effects  of  deadrise,  trim,  loading, 
length-beam  ratio,  speed,  and  sea  st3te  on  the  performance  of  a  series  or 
prismatic  planing  hulls  operating  In  irregular  waves.  The  results  of 
those  pa; ametri c  studies  are  cummer i zed  in  design  charts  which  enable  pre¬ 
dictions  to  be  of  the  motions,  added  resistance  and  impact  accelera¬ 

tions  of  pianing  hulls  In  a  seaway. 

These  planing  hul;  computational  proceedings  are  not  reproduced  in 

th:s  report  since  they  are  readily  available  to  the  small  boat  designer 

in  other  publications.  The  application  of  these  techniques  to  the  hydro- 

dynamic  development  of  a  planing  hull  designed  for  rough-water  operation 

22 

Is  demonstrated  by  Savitsky*,  Roper,  and  Scnen.^ 

When  these  planing  prediction  techniques  are  combined  with  non- 
planing  resistance  equations  of  the  present  study,  the  small  boat  designer 
has  available  a  procedure  for  predicting  planing  hull  resistance  for  a 
•wide  speed  range.  The  application  of  this  combined  procedure  to  series 
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APPLICATION 


RESULTS  FOR  SERIES  MODELS 

Comparisons  of  the  calculated  resistances  with  the  measured  values 

for  the  NPL  series  at  three  values  of  F  ,  viz. ,  i .  1 ,  1 .5  and  1.3,  hi 

tty 

Figures  19a, b  and  c,  respectively,  illustrate  the  dependence  of  resist*  ice 
on  the  geometric  characteristics  varied  in  the  series  as  well  as  showin, 
the  extent  to  which  the  results  agree.  The  "carpet"  plot  is  used  so  that 
curves  of  iso-  *Vi./7'/3  against  U  =  v‘2ie  can  be  shown  as  well  as  the  iso-U 
curves  against  L,  which  are  similar  to  the  correlations  originally 

presented  by  Nordstrom  for  small  craft.  While  the  correlation  between 
measured  and  calculated  resistance  is  generally  satisfactory,  the  undula¬ 
tions  exhibited  in  the  original  model  data  are  not  reflected  in  the 
calculated  results.  Hcwever,  the  dependence  of  resistance  on  U  (which 
depends,  for  the  NPl  scries,  on  L/8)  as  well  as  L,^/?  is  apparent. 

Resistance  results  for  two  Series  62  models  at  the  nominal  standard 
LOG  condition  are  compared  in  Figures  20a  and  b  with  calculations  accord¬ 
ing  to  the  nor— planing  equation.  Also  shown  are  results  according  to 
the  planing  equation,*  which  is  applicable  over  the  high-speed  range  of 
operation.  It  is  gratifying  to  note  the  relatively  good  continuity  of 
the  two  calculation  methods  for  conditions  where  they  overlap,  or  nearly 

overlap,  in  speed  range  around  F  =  2.0  (see  especially  Figure  20a). 

R? 

The  effect  of  variation  in  LCG  position  on  the  resistance  of  the 
shortest,  heaviest  model  of  Series  62  are  given  in  Figure  21.  Calculated 
results  from  the  resistance-estimating  equation,  corrected  according  to 
tie  recommended  approximate  method  (Appendix  B) ,  are  shewn  as  well  as  re¬ 
sults  from  the  planing  equation. 

RESULTS  FOR  ARBITRARY  CRAFT 

Predictions  of  the  resistances  for  several  craft  which  were  not 
used  in  developing  the  resistance-estimating  F.q.(6)  are  compared  with  test 
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results  in  Figures  22a  to  f.  Predictions  according  to  Eq.(6)  have  been 
corrected  to  correspond  to  the  conditions  for  which  these  ad  hoc  test 
results  were  expanded.  Hull  form  characteristics  and  displacement  of 
these  craft  are  given  in  the  following  Table  Vi  I . 

TABLE  V! ! 


AO  HOC  HULL  FORMS  FOR  WHICH  COMPARISONS  HAVE  BEEN  MADE 
BETWEEN  MEASUREMENTS  AND  CALCULATIONS  OF  RESISTANCE 


Designation 

.  ,  1/3 

Vv 

CA 

t 

'e 

Y\ 

6.1b 

S/V1^ 

F 1  gu  r 

Nordstrom, 30-1 1  1 

r,]  5.84 

0.972 

13.93 

0.516 

47,400 

6.45 

22a 

Nords t rom « 44- f ^ ’ 

1  7.33 

0.491 

7.36 

0.33 

60,300 

6.00 

22b 

DL-!883h*2 

5J6 

0.228 

26.80 

0.612 

10,000 

6.87 

22c 

DTHB  43J5h,;! 

5.50 

0.291 

18.40 

0.65 

10,000 

7.45 

22d 

Series  50h’4 

7<  10 

0.208 

17.70 

0.47 

100,000 

- 

:22e 

Series  50h‘4 

6.34 

0.171 

21.40 

0.47 

100,000 

- 

22e 

0L-Ah 

6.63 

0.436 

17.30 

0.60 

380,800 

7.46 

22f 

Footnotes :  r 

round  bilge 

h 

hard-chine 

! 

From  Ref.  7 

2  From  SHAME  Small  Craft  Data  Sheet  Ho.  4 

3  From  SHAME  Small  Craft  Data  Sheet  Ho.  10 

4  From  0L  Files  and  Ref.  23 


The  degree  of  agreement  between  the  measurements  and  calculated 
resistances  is  similar  to  what  might  be  expected  on  the  basis  of  the  re¬ 
sults  for  the  series  models  used  to  derive  the  equations.  Calculations 
according  to  Eqs.(6)  for  Model  4315  exhibit  very  large  discrepancies; 
however,  the  LCG  for  this  model  is  significantly  aft  of  the  nominal 
"nomal*1  value.  A  correction  for  this  effect  based  on  the  analysis  for 
the  influence  of  LCG  described  by  Appendix  B,  assuming  standard 

’  =  0.045  aft  of  $  compared  to  0.105  aft  of  for  feds!  4315  yields 

LPP 


i  a 


R-1667 


improved  correlation. 

The  effects  of  variations  in  ship  size  on  predicted  (extrapolates) 

associated  with  skin-friction  coefficient  variations,  are  exhibited 

in  Figures  23-a  to  c,  for  the  NPL  Series  Parent  Model  100-A  as  well  as  a 

short,  full  Series  62  Model  and  a  very  long  and  slender  Series  64  Model. 

It  is  seen  that  finer  ships,  having  relatively  large  wetted  surface  and 

low  residuary  resistance,  shew  substantial  effects  of  variations  of  ship 

displacement.  The  percentage  change  in  R^/A  for  increase  in  displacement 

by  a  factor  of  10  at  F__  =  1.5  *s:  -5%  before  NPL  Model  10C-A  (L^/tf1^3  = 

6.585),  -1.5%  for  Series  62  Model  4662-111  (L,  A?  1/3  =  3.60),  and  -12%  for 

1  /3  “*• 

Series  64  mode!  4813  (Ly^/V  =  12.40).  The  influence  of  correlation 
allowance,  CA,  on  predicted  Rj./A  is  evidently  rather  mere  important  than 
variations  in  displacement,  amounting  to  about  10%  increase  for  =  0.4x10 
(a  commonly  used  value) for  NPL  mode?  100-A,  but  this  correction  can  be  made 
quite  dimply  (see  Eq.3)  when  a  value  for  is  selected. 


nmvmr  . . . m %  mmwi*  t  * immmmn  * i  \ .  m  .4  i§f«!4 . 


ft- 1 667 


INFLUENCE  OF  FORM  PARAMETERS  ON  RESISTANCE 


Equations  (6)  can  be  used  to  investigate  the  effects  on  resistance 
of  variations  of  the  hull  form  parameters  L^/v^^,  and  Aj./A^ 

A  first  approximation  of  the  effects  of  variations  could  be  obtained  from 


the  linear  term  of  a  Taylor's  expansion,  i.e.. 


3  5C/A 

5  fU/A  -  -r— —  6y 


3y 


03) 


sphere  y  is 


o?lj./A 


can  be  derived  for  any 


hu.l  form  parameter  and  ^ 

1/3 

parameter  y(=  -  for  instance)  from  Eq.(6)  as  relatively  simple 


algebraic  equations  (one  for  each  Froude  number).  The  usefulness  of  this 
approach  is  limited,  however,  especially  because  of  significant  non- 
linearities  in  most  of  the  equations,  and  it  is  recommended  that  the  com¬ 
plete  Eqs.(6)  be  used  for  the  study  of  probable  effects  of  modidications 
of  design  parameters.  A  design  optimization  procedure  could,  of  course, 
be  developed  based  on  these  equations  but  it  is  not  clear  whether  this 
would  be  generally  useful,  especially  since  the  pre-planing  drag  may  be 
only  one  element  of  the  overall  performance  capability  of  a  craft.  The 
development  of  such  an  optimization  procedure  is  not  pursued  here. 


The  resistance-estimating  equations  have  been  exercised  to  evaluate 
the  influence  of  variations  of  form  parameters  for  a  particular  parent 
craft,  corresponding  to  the  parent  form  of  the  NPL  series  having  charac¬ 
teristics  given  in  Table  VJ H . 


TABLE  VIM 


CHARACTER  1ST ICS  OF  NPL  HODEL  iOOA 
(Parent  Form  For  Example  Calculation  of  Influence 
of  Variations  in  Hull  Form  Parameters  on  ft^/A) 


Preiedisf  pegs  Uiisk 


L  /o*  ^ 

WL 

=  6.585 

CA 

=  0.855 

» 

'e 

=  1 1  degree: 

Jt  9  » 

=  0.52 
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Results  are  presented  in  Figures  2ha  to  d  showing  the  effects  of  varia¬ 
tions  over  a  wide  range  of  the  several  parameters.  The  limits  of  applic¬ 
ability  of  the  predictions,  obtained  by  using  the  characteristics  of  NPL 
Hodel  10CA  given  in  Table  VI 11  in  conjunction  with  Figures  11—1 6,  are 
shown  in  Figures  23a  to  d. 

The  following  cocnnents  apply  to  the  pre-planing  speed  range  where 

F  „  lies  between  1.0  and  2.0. 
nV 

1)  An  increase  of  L/v^  results  In  a  significant  reduction  in 
smooth  water  resistance.  This  effect  is  similar  to  that 
shown  by  Words trom^. 

2)  CA  has  little  influence  on  resistance  for  these  hull  form 

characteristics.  The  dependence  of  R_/A  on  C.  as 

•  A  1/3 

approximated  by  Eqs.(2)  is  linear  (but  dependent  on  L/^  , 

i£  and  is  never  very  great  and  may  show  either  an 

increase  or  decrease  of  5L./A  for  increase  of  ,  depend¬ 
ing  on  values  of  the  other  form  parameters. 

3)  Increasing  ic  results  in  an  appreciable  increase  of  resist¬ 
ance.  For  example,  at  F  =  1.5  a  four  degree  increase  in  >e 
to  15  deg  (which  is  not  by  any  means  s  large  waterline  entrance 
angle)  produces  an  3  percent  increase  in  R^/A  .  This  calcu¬ 
lated  increase  in  resistance  is  corroborated  by  the  data  for 
this  series  shown  in  Figure  IS-b.  Since  r.o  data  are  available 
for  forms  with  still  lower  ,  for  this  value  of  Aj /A^,  ,  the 
equation  ought  not  to  be  applied  for  i  <  !l  degrees. 

h)  The  use  of  £q.(6)  appears  to  indicate  that  the  ratio  of  transom 

area  to  maxiimms  section  area  is  such  as  to  produce  a  maximum 

resistance  for  the  values  of  other  hull  form  parameters  selected 

However,  the  range  of  applicability  of  the  equation,  limited  by 

the  fine  waterline  extrence  (see  Fig-  14)  is  not  wide  and  the 

extreme  variations  of  P^/A  obtained  from  the  equation  for 

* 

values  of  A^A^  outside  of  the  range  0.41  to  0.52  must  not  be 
considered  significant.  It  must  be  pointed  out  that  the  depend- 


hull  form  parameters  and  more  conclusive  generalizations 
are  not  presently  possible.  Consequently,  it  is  suggested 
that  the  dependence  of  on  A^./A^  be  investigated  for 

each  hull  forns  evaluation  to  be  carried  out. 
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CONCLUSIONS 


i .  Based  on  the  smooth  water  resistance  data  of  seven  transom-stern 
hull  series,  which  included  118  separate  hull  forms,  a  statistically- 
based  correlation  equation  is  developed  for  predicting  the  resistance 
of  these  hull  forms  in  the  non-planing  range. 


£. 


1  '3 

The  equation  Is  a  function  of  slenderness  ratio  (L^/7  ’  )l  beam 
loading  {C^  =  v'/By^)  ;  waterline  entrance  angle  (*e)»  ratio  of  transom 

area  to  max i cut,  section  area  (A_./Av)  ;  and  volume  Froude  number  (F  _  *» 

1/3  '  A  nV 

V//gy  }.  The  equations  are  applicable  within  the  following  range  of 

combinations  of  hull  and  Froude  nu?3ber. 


(a) 


1.0  <  F  _  <  2.0 

nv 


(b)  Hu  it  form  parameters  and  proportions  delimited  by  the 
range  of  values  for  the  118  huli  forms  whose  data  were 
used  to  derive  the  equation,  as  illustrated  in  Figures 
11-16. 

(c)  25s  <  LCu/Lpp  <  T%  aft  of  midship.  Some  additional  guidance 
is  given  for  wider  variations  in  LCG  position. 

3,  Within  the  above  constraints,  the  influence  of  form  and  loading 
parameters  Is  as  follows: 

(a)  is  the  most  important  form  parameter,  resulting 

in  significant  reductions  in  smooth  water  resistance 
I  ^3 

as  Lyj  /V  '  is  increased. 

(b)  C  has  little  influence  on  resistance  and  nay  shew  either 

an  increase  or  decrease  of  for  increase  of  C^, 

depending  on  values  of  other  form  parameters. 


(c)  As  i 


is  decreased,  is  decreased. 
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(d)  An  increase  of  Aj./A^  s*sy  produce  either  an  increase 
or  a  reduct  ion  in  SLja.  depend; no  upon  F  „  and  other 
hull  form  parameters,  The  fora  of  the  equations  suggests 
that  an  extrecxjs-..  in  most  cases  a  maximum,  of  R_/&  exists 
for  a  certain  value  of  A^/A^.  ■  The  influence  may  be  importan 
and  should  be  investigated  for  each  ease. 

(e)  With  the  range  of  LCG/lpp  between  8,2  and  0.?  aft  of  midship, 
the  resistance  is  nearly  constant,  with  the  exception  of  some 
cases  of  short,  full  fores. 

h.  For  F  >  2.0,  published  planing  equations  appear  adequate  to 
provide  resistance  estimates  for  planing  hulls  wherein  the  flow  separates 
from  the  transom  and  chines  and  there  is  emergence  of  the  bow. 

5.  Formulations  are  given  for  the  planing  conditions  which  lead  to 
complete  flow  separation  from  the  chines  and  transom. 
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TABLE  la 


SERIES;  NPL  (Round  Bilge.) 

AUTHORS:  Harwood  and  Bailey  (Ref. 4) 


GEOMETRIC  PARTI CULARS  OF  MODELS 
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and  3.5 

20.5 
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Model  Characteristics 

19  wood  models,  all  with  Ly^  =  8.33  ft.  Turbulence  stimulation  wi th  studs 
1/8"  diam  x  1/10"  height,  spaced  1"  apart.  Speed  Range,  V//L  =  1,0  to  4.0 
(Fn9  *=  0.3  to  1 .2)  . 

Test  Faci 1 ? ty 

No.3Tank,  National  Physical  Laboratory,  Feltbam,  England;  >300-ft  long  x 
48-ft  wide  x  25-ft  deep. 


Body  Plans:  Figure  3 


Remarks 

Th:s  series  deals  solely  with  vessels  intended  to  operate  between  Fn  =  0.3- 
1,19  (V/«/l  =  i. 0-4.0).  These  vessels,  therefore,  do  not  operate  in  the  pure 
planing  region  although  they  may  overlap  into  it  at  the  higher  end  of  the  speed 
range.  The  fotm  has  therefore  been  designed  as  a  round-bilge  hull.  The  charac¬ 
teristics  of  such  a  null  are: 

(a)  fine  straight  lines  forward 

(b)  transom  stern 

(c)  the  afterbody  incorporates  s  rounded  bilge  section 

(<i)  the  buttock  lines  in  the  afterbody  are  gsn«:a  straight  with 
a  small  stead'/  rise  aft 


Presentation 

Reslstai  a,  Ib/lb  displacement,  for  models  (corrected  to  standard  water 

O  ] 

temperature  of  15  c)  are  plotted  as  functions  of  L/8,  L/7  and  Froutie  number. 


R-1667 


Table  la  (Cont'd) 


Cross-faired  results  were  taken  from  curves  for  use  in  analysis.  Curves  cf 
wetted  surface  underway,  running  trim  and  rise  of  CG  are  also  given.  Actual 
model  data  have  been  tabulated  in  a  separate  technical  memorandum. 


Friction  Correction 


1947  ATTC  (Schoenherr) ,  using  wetted  surface  information  from  curves  as 


fraction  of  Froude  number,  C,  =  0.0. 

A 


Related  Work 


1.  Study  of  roH  stability  &t  certain  speeds  for  some  narrow-beamed 
models  (Ref.5)- 


2.  Study  of  effects  of  transom  flaps  on  resistance  for  two  models 
( Ref .  6) . 
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SERIES:  Deo  ‘  *  Round  Bilge) 
AUTHOR:  D,  'i  c  (Ref. 8) 


GEOMETRIC  PARTICULARS  OF  MODELS 
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Model  Character ist: 

4  wood  models,  with  lengths  around  4  feet.  No  turbulence  stimulation. 
Speed  Range,  VA/l  =  0.6  to  3.8  (F  "0.18  to  1.1), 

Test  Fact  1 i tv 

Delft  Institute  of  Technology,  Selft;  318— C t  long  x  13.8-ft  wide  x  8.27-ft 
deep  (length  has  beer,  extended  to  466-ft  since  tests).  Seme  high-speed  data 
from  NSH8,  Viageningen;  830-ft  long  x  34.5-ft  wide  x  18-ft  deep- 


Body  Plans:  Figure  5 


Rema- ks 

Four  models  with  differing  * ,  each  tested  at  three  different  displace¬ 

ments  with  level  trim  (at  V^O) .  Some  tests  st  the  lightest  displacement  wi th 
trim  by  the  bow  (these  results  were  not  used  fur  the.  present  analysis). 

Presentation 

Residuary  resistance  coefficients,  C,  ,  as  function  of  VA/TT  „ 

r. 

Friction  Correction 

1947  ATTt  ^Schoeftnerr)  with  C.  =  0.0.  . 


. . w . . . k  . . 
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SERIES:  SSPA  (Round  Bilge) 

AUTHORS:  Lindgren  and  Williams  (Ref .9) 


GEOHETRIC  PARTICULARS  OF  MODELS 


7  and  to  to 

8  0.821  14.4 


Cn  C  i 

P  wp 

"WL/dX  bx/t 

A„ 

1 

K 

3T 

8V 

tt 

Tv 

LCG 
’  L 

X 

X 

X 

?P 

0.68  0.73 

4.623  3 

0.42 

0.77 

0.41 

0.0415 

- 

to  3.5 

aft  of 

8.213 

&  4 

M 

Model  Characteristics 

9  paraffin  wax  models,  with  lengths  In  the  range  3.3  to  4.4m.  Turbulence 

stimulation  by  1mm  diam  tripwire  1/40  of  length  from  F.P.  Speed  Range,  V/v"l"" = 

1.0  to  4.3  (F  =  0.3  to  1.3)  . 
nv 

Test  Faci 1 ?  ty 

Swedish  State  Shipbuilding  Experimental  Station.  Gcteborg;  240m  long  x 
lOro  wide  x  5m  deep. 

Body  Plans:  Figure  6 

Remarks 

'the  parent  form  is  based  on  a  series  of  fast  torpedo  boats  built  for  the 
Swedish  Navy. 

”(3)  Straight  V-formed  transverse  sections  in  forebody. 

(h)  Round  bilges  along  the  whole  hull  with  reduced  bilge  radius  going  aft. 

(c)  Docking  keel  from  Sta.16  aft  following  the  baseline  BL  . 

(d)  Relatively  wide  and  deep  transom  stern. 

(e)  Deadrise  angle  in  transom  stern  is  small  hut  is  successively  in¬ 

creased  going  forward." 

Presentation 

•  Residuary  resistance  coefficient,  ,  as  function  of  Fn^  . 

Friction  Correction 

Ce  derived  from  model  tests  with  <957  ITTC  was  used,  with  1947  ATTC 
(Sehoenherr)  used  Tor  full  size  (100,000-lb  displacement)  with  *»  0.0. 

[Cont'd] 


SERIES:  Series  64  (Round  Bilge) 
AUTHOR:  Yeh  (Reference  10) 
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GEOHETRIC  PARTICULARS  OF  MODELS 
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Model 

Characteristics 

> 

27  wood  models. 

all  with  Ly,  =  10  feet;  no  turbulence  stimulation. 

I 

i> 

Speed 

Range,  VA/L  =  0 

.2  to  5.0  (F  =  0.06 
my 

to  1.49) 

h 

1 

Test  Faci 1 i ty 

i 

fi 

NSRDC  deep-water  basin,  Washington,  D.C.;  889-ft  long  x  5 1 -ft  wide  x 
22-tt  deep. 

Body  Plans:  Figure  7 

Remarks 

Quite  slender  null  forms  developed  based  on  information  available  at  NSRDC 
for  moderately  high-speed  displacement-type  surface  ships. 

Presentation 

Tabulations  and  curves  of  residuary  resistance  in  ib/ton  displacement  as 
function  of  V/*/l~  and  4/(0. Oil.)'5.  Curves  of  change  of  bow  and  stern  level 
versus  V/yL  . 

Friction  Correction 

1S47  ATTC  (Schoenherr)  with  C,  =  0,0, 

A 


3S 


TABLE  i-f 


SERIES:  Series  63  (Round  Bilge) 
AUTHOR:  Beys  (Ref.  I!) 


GEOMETRIC  PARTICULARS  OF  MODEL 
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Model  Characteristics 


LCG 


0.058 


aft  to 
0.003 

fwd  of 


5  wood  models,  all  with  L  =3  ft.  Turbulence  stimulation  by  0.04-in  diam 

r  r 

wire  strut  with  depih  equal  to  model  draft  towed  5**in  ahead  of  F.P.  Speed  Range, 
(Fn7  =  0.05  to  2.75). 

Test  Fac? 1 i ty 


Mo. I  Tank,  Davidson  Laboratory,  Stevens  Institute  of  Technology;  100-ft 
long  x  9-ft  wide  x  4.5-ft  deep  (semi-circular  cross  section);  some  tests  have 
been  carried  out  in  the  lengthened  (130-ft  long)  tank  . 


Body  Plans:  Figure  8 


Remarks 

Five  models  of  round  bottom  utility  boats  each  tested  at  several  displace¬ 
ments  with  levei  trim  (at  V=0) .  Additional  tests  with  varying  LCG  position 
are  reported  in  the  Appendix  of  the  present  report. 

Presentation 

Complete  tabulations  of  model  data,  including  resistance,  wetted  surface, 
underway,  running  trim  and  rise  of  CG.  Diagrams  of  various  results. 

Friction  Correction 

i947  ATTC  (Schoenherr) ,  using  measured  wetted  surface  information,  with 

c .  -  0.0. 

rt 

Related  Work 

Tests  with  varied  LCG  reported  in  Appendix  of  this  report. 


TABLE  !g 


SERIES:  Series  62  (Hard  Chine) 

AUTHORS:  C lenient  and  Blount  (Ref. 3) 


GEOMETRIC  PARTICULARS  OF  MODELS 
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Model  Characteristics  Jot 

5  wood  models,  with  L  of  3-912  ft  for  5-987  ft  for  L/B=3.06  and 

PP 

8  ft  for  others.  Turbulence  stimulation  by  0. 035-in  diam  tripwire  for  some  tests 

with  shortest  model  only.  Speed  Range,  (F  =  0.2  tc  6.0). 

r-7 

Test  Facility 

NSRDC  high-speed  tank,  Washington,  D.C.;  2968-ft  iongx20-ft  deepx  1 6—  ft  deep 
Body  Pler-s:  Figure  9 
Remarks 

Five  models  of  hard  chine  pianing  boats  each  tested  at  several  displacements 

and  several  LCG  positions.  Hull  characteristics  are: 

s;  (a)  The  deadrise  angle  at  the  transom  should  be  fairly  high 
(12^-deg  was  selected). 

(b)  The  after  portion  of  the  hull  bottom  should  have  a  constant 
deadrise  angle  so  that  the  high-speed  planinc  area  would  be 
untwisted. 

(c)  The  stern  should  be  narrow,  with  the  transom  width  equal  to 
about  65  percent  of  the  maxismsa  chine  width. 

(d)  The  bow  sections  should  be  convex." 

Presentation 

Complete  tabulations  of  model  data,  including  resistance,  wetted  surface, 
underway,  runn'ng  trim  and  rise  of  CG.  Diagrams  of  various  results. 

Friction  Correction 

194?  ATTC  (Schosnherr)  using  measured  wetted  surface  Information,  with 

r  —  n  a 

"  °* 

Related  Work 

Results  of  some  porpoising  stability  observations  included  in  Ref. (3). 

if! 
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TABLE  ill(a-c):  GEOMETRIC  CHARACTERISTICS  OF  ALL  MODELS  USED  IN 

DERIVING  RESISTANCE-ESTIMATING  EQUAT.OHS 


!el  Lyi_ 

’e 

CB 

CP 

CH 

r 

w 

wp 

S/L 

T 

*  a 

Lpp 
%  aft 

at 

A'< 

h 

Bx 

T_ 

1 

Tx 

I 

a)  NrL 

A 

of  $ 

A 

HrlA 

4*50 

20*5 

0*397 

0*C03 

0*573- 

0-753 

3-33 

3*  26 

0*52 

0-82 

0*51 

h'PLB 

S*OC 

20*5 

0*39? 

0-693 

0*573 

0*753 

3*33 

&  .47 

A*  * 0 

0*52 

0*82 

0-51 

HFtC 

5*50 

20*5 

0-397 

C  •  d9v> 

0-573 

C-753 

3*33 

5*36 

6*40 

0-82 

V  *  VA 

NPLD 

£*.  AA 
D*  W 

20*5 

0*39? 

0*533 

0*573 

0*753 

3*33 

7*73 

6*40 

0-52 

0*82 

si1! 

w* 

SPL-E 

6*50 

20*5 

0*397 

0-633 

C«  573 

0*753 

3-33 

5»83 

6*40 

0-52 

C-C2 

C*5l 

HPLF 

4*50 

15*5 

0*397 

0*633 

0*573 

C*?53 

4*55 

1*75 

**  A  A 

r**w 

0-52 

0-S2 

0-51 

SPEC- 

5*00 

15*5 

0-39? 

0*693 

0*573 

0*753 

4*55 

2*40 

6-40 

0*52 

0-52 

0*51 

KPLH 

5*50 

15*5 

0*23? 

0*633 

0*573 

0*753 

4*55 

3*  19 

6*40 

0*52 

0-82 

f\ 

v/  *  vi. 

NPLI 

6*00 

15*5 

0*33? 

0*633 

0*573 

0-753 

4*55 

4*14 

6-40 

0-c2 

0-82 

W  •  Vi 

HFU 

6*50 

15*5 

0*39? 

0*©3 

r\  sinrs 

!  V 

0*753 

4*55 

5*27 

f*  « A 

0-52 

A.p? 
Vi  *  04, 

0*ox 

»?LX 

*+  w 

15*5 

0*397 

C-&33 

0*573 

0*753 

4-55 

6-58 

■  6*40 

0-52 

vr*v3^ 

0*51 

NPLL 

5-00 

12*5 

0-397 

0-633 

0*573 

0*753 

5*41 

i*70 

5*40 

0-52 

A  AA 
v  •  wX_ 

0*51 

L’PLM 

5*50 

12*5 

0*397 

0*633 

0*  O  ^3 

0-753 

5*41 

2*26 

6*40 

0*52 

0*82 

0-51 

SPIN 

6*00 

12*5 

0*33? 

C-S33 

0*753 

5*41 

2*93 

5*40 

0-52 

0*82 

0*51 

KPLG 

6*50 

12*5 

0*397 

0-  633 

0-573 

0*753 

5*41 

3*72 

6*40 

0*52 

C»82 

0*51 

HELP 

AA 

I*WV 

12*5 

0*397 

0*653 

0*573 

C-753 

5.41 

4*65 

5*40 

0*52 

0*8? 

0-5* 

KFLQ 

6*50 

11-0 

0*39? 

0-693 

0*573 

0*  753 

6*25 

1=69 

6*40 

0*5? 

0*82 

0*51 

HPLH 

6*00 

11*0 

0-33? 

0*633 

0*573 

C-753 

6*25 

2*20 

8*40 

0-52 

0*82 

0*51 

NPLS 

e*£G 

11*0 

0-39? 

0-693 

0*573 

0*753 

6*25 

2*79 

6*40 

0-52 

C-S2 

0-51 

SPLT 

?*cc 

11*0 

C-39? 

0*693 

0*573 

0*753 

6*25 

3*49 

5*40 

0*52 

0*82 

0-51 

B?I=U 

7*50 

11*0 

0*387 

0*633 

0*573 

0*753 

6*25 

4*23 

6*40 

0*52 

0*82 

0-51 

SPIT 

8*00 

11*0 

0*337 

0*633 

0*573 

0*753 

6*25 

5*20 

6*40 

0*52 

0*82 

0*51 

S?L¥ 

8*50 

11*0 

0-397 

0*693 

0*573 

0*753 

6*25 

6*24 

3*40 

0*52 

0*82 

C*5i 

(b)  SOBOSTaOX 


431 

?-  72 

15*1 

0*373 

0*575 

0*  o4v 

0*725 

6-94 

w* 

1*79 

0*00 

A.  AA 
V*W 

432 

7*35 

15*8 

w*  v-?v 

0*569 

0- 6c2 

0-748 

6*33 

3*34 

2*49 

0*06 

0*66 

4o3 

7*05 

16*4 

A,£1A 
v’*I  IV 

0*593 

«*6&4 

0*751 

S- 75 

3*16 

2*38 

0*13 

0*72 

531 

6-35 

17*5 

0*373 

0*576 

0*640 

0*725 

5*92 

3*57 

1*79 

A,  AA 
w  •  VW 

A  _  AA 

v*  w 

£92 

6-63 

53*3 

A#*^QA 
w  *wv 

0*533 

0*562 

0*743 

5*83 

3*54 

2*49 

0*05 

0*56 

5?3 

6*35 

19*1 

A.  *  1A 
V 

0*593 

0*684 

0-761 

5*  77 

3*16 

2*88 

0*13 

0*72 

-501 

6*18 

20*7 

0-373 

0*576 

0*648 

0*725 

«  »  55 

3*5? 

1*79 

A.  Art 

AA 
V  *  w 

602 

5*89 

21*5 

0-530 

0*559 

0*662 

0*748 

4*83 

3*34 

2*49 

0*05 

0*66 

603 

5*55 

22*5 

0*410 

0*599 

0-534 

0*761 

4*83 

3*16 

2-33 

0*13 

0*72 

(c)  D2GK00T 


*»  * 
■s* 

r*.  rc 
f* 

*  1.C 

~V»- V* 

A, 

£  .  ;^5Q 

0*648 

r.w? 

7-33 

3*57 

1*60 

0*17 

0*75 

A.  \  14 

V*  *w 

42 

7*40 

14*1 

0*43? 

0*661 

0*661 

0*790 

7*27 

O* 

2*15 

0*23 

0*73 

43 

7*09 

14*6 

0*45'’ 

0*677 

0*674 

0*796 

7*18 

3*16 

2*54 

n.T" 

V*W 

0*79 

0  •  23 

51 

6*77 

16*4 

0*421 

v-oijO 

0-648 

C-7S? 

5*57 

1*60 

0*  1? 

0-75 

0*18 

52 

6*46 

17-1 

0*437 

0*561 

0*561 

0*790 

5*93 

3*34 

2*  15 

0*23 

0-78 

0*24 

53 

5*13 

17*7 

0*457 

0*57? 

A  /*  P-  * 

w'*S(* 

0*796 

5*87 

3*  IS 

2-54 

C-30 

0*79 

0*29 

61 

6*  14 

18*3 

0*421 

0*650 

0*648 

0*7S? 

5*22 

3*57 

1*60 

0*1? 

0*75 

0*18 

62 

6*57 

19*6 

0*437 

0*661 

0*651 

0*700 

5*15 

3=34 

2*15 

0*23 

0*78 

0*24 

63 

5*63 

20*2 

0-457 

0*677 

0*674 

0*795 

5*03 

3*  16 

2*64 

A  "JA 

0*79 

0*29 

71 

5*70 

20-8 

0*421 

0*648 

0*  79? 

4*6? 

3*57 

1*60 

0*1? 

0*75 

0*18 

72 

5*45 

21*7 

0*437 

0*661 

0*661 

0*790 

4*60 

3*o4 

2*15 

0*23 

0*78 

0*24 

73 

5*23  22*4 

0*457 

0-577 

0-674 

0*756 

4*55 

3*16 

2*64 

0*79 

0*29 

f  Cor.  t !  dJ 


Mt  . . .  1  i.M' 


TABLE  I  1 1 jd-e)  L Continued. 


Kodei  L  „  i 

WL  e 


upp 

%  aft 
of  $ 


BX  TX 


1215A 

6‘00 

14*4 

v***vv 

0*680 

0*590 

0*730 

4*62 

-X  AA 
O*  w 

4-15 

0*42 

0*77 

0*41 

1212S 

6*00 

11*5 

A. /AA 
s/**3V  ^ 

0*630 

0*590 

A  iV>  A 

v*  fOv 

5*82 

3*50 

4*15 

0-12 

0*77 

0*41 

1209A 

6*00 

9*5 

/N.iAr 

V*7WV 

0*630 

0*690 

0*730 

7-  12 

4-00 

4*15 

0*42 

C*77 

0*41 

1216A 

7*00 

13*5 

A  -AA 
v  *  x/ v 

o-erc 

A  CfiA 
v*ww 

0*730 

4-94 

3*00 

4*15 

0*42 

rt  AA 
V  •  *  1 

0*41 

122  3A 

-  *  W 

10*8 

A.^AT, 
w  *  trw 

0*680 

0-590 

0*730 

6-23 

3-50 

4*15 

0*42 

0*77 

rt  #  * 
v**:l 

12101 

7*00 

8*9 

aa  *aa 

*v 

0*530 

0*590 

0*730 

7-61 

* .  rtrt 
7  •  WV 

4*15 

0*42 

0*77 

0*41 

122  7A 

8*00 

12*6 

A  -#  Art 
v*^vV* 

0*680 

0*590 

0*930 

§•34 

*•  Af\ 

w*  vv 

-  4C 
•S  * 

0*42 

0*7? 

0*41 

1224A 

G  „  AT* 

O*  w 

AV*  V 

A  _  aAA 
V  •  **w 

0-680 

0*590 

0*730 

6*73 

3*50 

4*15 

0*42 

0*77 

0*41 

1211 A 

O  *  w 

A 

0*£ 

A,  »AA 

0*680 

rt. 

w*\77%- 

0*730 

8-21 

4*00 

4*15 

0*42 

0-77 

0*41 

M 

SSS 

llES  54 

4784 

8*04 

5*5 

0*550 

0*630 

0*873 

0*761 

11-96 

i>*AA 

6*56 

0*41 

0-65 

0*44 

4*598 

8*34 

4-7 

0*550 

0-530 

0*673 

0*761 

14*02 

2*00 

6*56 

0*41 

0*86 

0*44 

47S9 

10*46 

3*7 

0*oo0 

C-63C 

0*873 

0*761 

17*73 

2-00 

6-56 

0*41 

0*36 

0*44 

4790 

S*C4 

6-7 

0*550 

0*630 

0*873 

0*761 

9-75 

l.Art 
O*  w 

6-56 

0*41 

0*86 

0*44 

4791 

8*94 

5*8 

*  CCrt 
Vwtrt* 

0*550 

0*873 

0*761 

11-45 

vrf*  vv 

6-56 

0*41 

0*86 

0*44 

4792 

10-46 

4*5 

0*550 

0*530 

0*373 

0-761 

14*48 

l.AA 

5*56 

0*41 

0*86 

0*44 

4793 

9*04 

7*8 

0-550 

0*630 

0*873 

0*761 

6*45 

/  AA 

6*5o 

*"4 

•tf* 

• 

o 

0*86 

0*44 

4794 

8*94 

5*5 

0*550 

0*630 

0*873 

G*y61 

5*91 

4  .  'v' 

Tl  *W 

6*56 

0*41 

0*86 

A  j/ 
V#*I7 

4795 

10*46 

5*2 

0*550 

0-630 

0*873 

0*761 

12*54 

4,aa 
tS  *  w 

6*56 

0*41 

0*86 

0*44 

4796 

8*50 

5*5 

0*450 

C-630 

0*714 

0*761 

11*36 

•-*  w 

6*56 

0*41 

0-85 

0*37 

4797 

9*58 

4*7 

ft  *  £rt 
v'^Ov 

0*630 

0-714 

0*761 

14*07 

AA 
C*  w 

5*55 

0*41 

0*86 

0*37 

4733 

11*26 

3*7 

0*450 

0-630 

0*714 

0*761 

17*93 

•>  AA 
t-'vV 

6*56 

0*41 

0*86 

0*37 

3799 

8*50 

6-? 

rt  j  *rt 

v’-iv-? 

A  — ?A 
v“  C*Jv 

0*714 

0*761 

9*76 

3*00 

5*56 

0*41 

rt  _  rv* 

0-37 

4600 

3*53 

5*8 

0-450 

0*714 

0*751 

11*49 

■3.AA 

w*vv 

6*  55 

0-41 

0*66 

0*37 

4801 

11*26 

4*5 

0*450 

A,«A 

V*WW> 

rt  t>54 
V*  *  J.H 

0*761 

14*64 

v*w 

6*55 

C*41 

rt  rt  v* 

0»sse 

0*5? 

4803 

3*50 

7*8 

0-450 

0*550 

C??H 

8*45 

4*00 

6*56 

.A_  »  4 
V*7i 

0*85 

0*37 

4803 

6*58 

5-6 

0*450 

0*530 

0*714 

0*761 

9*35 

i  tAA 
*vv 

6*56 

Ail 

0*86 

0*37 

4804 

11*26 

5*2 

rt  -Crt 
V-Tsrt- 

0*530 

0*714 

0*761 

12*  S 

4  ^AA 
*2  *w 

5*56 

A_*t 

«*•** 

C  -35 

0*37 

*OA= 

5*35 

5*5 

0*350 

0*630 

C«55S 

0*751 

11*35 

6*55 

0*41 

0  *  55 

0-23 

4ssCS 

10*46 

4*7 

rt  *7 -rt 

---Art- 

0-530 

0*556 

0*751 

14*15 

2*00 

6-56 

0*41 

0-86 

0*29 

4807 

12*40 

3*7 

0*350 

0*630 

0*556 

0*7C1 

18*28 

2*00 

5-56 

0*41 

0*85 

0-23 

4803 

3*35 

6*7 

0-350 

3*630 

0*556 

0*761 

9*75 

3*00 

6-56 

0*41 

0*36 

0*26 

4SC3 

10*46 

-5*8 

0*350 

0*530 

0*55-5 

0*751 

11*55 

3*00 

6*56 

0*41 

0*86 

0*23 

4810 

12*40 

4-5 

0*350 

0*630 

0  •  565 

0*731 

14*31 

3*00 

6*56 

A  -  * 

0-86 

0-23 

4311 

9*35 

7*8 

0  *  vDu 

C+C3C 

0*556 

0*761 

3*45 

4-00 

o*S€ 

.*1  a  * 

v**3  * 

c--as 

0*23 

4312 

10*46 

5*6 

0*350 

0*630 

0-55.5 

0-761 

10*00 

4*00 

e*» 

5*85 

rt 

v»« 

4313 

12*40 

5*2 

0*350 

0*630 

0*556 

0*751 

12*91 

4*w 

6*56 

A  *• 
v*"li 

0-86 

0*29 

ttoftt’dj 


. -^- . .Ldb«^ - ^^.-ALl,V/.*i!;:.:L..-rlJ . 1 . -A... . .  ':k]j.H.lgflll.. 


!  {f-y)LContinued 


II 

7812  5 

13 


•«>  U*wS 


47771 

6-40 

17-2 

47772 

5*60 

20*3 

47773 

5*15 

23*3 

*S>C  0* 742  0-79?  4-92  5 

*?C1  0*315  0*806 


647  0*71 


4*80  i5 


795  3-93 


307  3*31 


,TZ  A  A  <=5 

’w  V*  IW  v*«  * 

.GA  A  A^QA 

* \yv  v*  f ^  v*«*v  v*  ff 

■55  0*46  0*68  0*51 
0*cO 

•05  0*67  0-91 


94  0*72 


•ee  vs 
•90  C-5o- 


4775! 

6*40 

13*8 

0*393 

0-S91 

0*665 

0*7  t>r 

3*31 

S-50 

A.AA 

w*w 

0*03 

0-26 

A  /v; 

47792 

5*60 

21*5 

0*430 

C-520 

0*534 

0*777 

3*14 

7*65 

2-39 

0*25 

0*64 

47723 

5*15 

23*4 

0*466 

0*639 

0-723 

0*732 

3-05 

6-34 

3-34 

V4w£ 

0-81 

v*vO 

47794 

4*30 

25-0 

0*499 

0*859 

0-757 

0*736 

2-99 

6*18 

4*3 

/\  4A 

w*rsv 

0*83 

0*45 

47735 

4*50 

27-5 

C-520 

0*690 

0*7*4 

0*791 

2*95 

5*44 

4*63 

0*4? 

0*S3 

0-53 

47782 

5-60 

22*6 

0*335 

0*577 

0*664 

0-775 

2*70 

9*20 

-0*30 

v«  *  **5 

0-37 

0*10 

47783 

5*15 

24*5 

0*412 

0-501 

C*S=S 

0*781 

2*63 

8*19 

2*3 

0*18 

0*57 

0*23 

47764 

4*30 

26*3 

A#/^t 

0*613 

o-  ?ie 

0*755 

2-57 

7*33 

2-75 

0*27 

0*73 

0*33 

477B5 

4*50 

*■> 

i 

0*464 

0-642 

v«723 

0*  235 

2*52 

Q*  W*5 

~  _  *  A 
0*!xw 

w-34 

0*82 

U-41 

{<;) 

SSU-S  62 

46651 

^  A»5 

G5*5 

0*575 

0*610 

0*710 

0  '32-5 

1*8? 

•* 

6 -50 

0*S2 

•t  os; 

W*«W 

1*00 

3»i*4  56 


*56  7*1 


630  0*520  3*54 


45673  5*92 


■&  v*YiS 
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10-19 

1C-42 

10*76 

10*74 

SPLS 

3-lS 

5*  10 

5*  SO 

7*94 

a-© 

8*85 

9-15 

9-33 

9-55 

9*77 

3*82 

3»Pl*i 

2*55 

4*42 

5.  75 

6*49 

?*25 

7*5? 

7*89 

a*32 

B-S9 

9*05 

3*31 

i 

KPLI 

2-64 

3*3? 

4*35 

5-56 

6*25 

s-es 

7-14 

?•££ 

7*97 

S-35 

8*37 

1 

«e 

SPLS 

2-52 

3*45 

4*20 

4*83 

5*© 

e-is 

6*75 

7-15 

7*57 

3*07 

8*© 

' 

5PLL 

4-CC 

6-29 

7*8? 

8*67 

9*  IS 

3-© 

10-01 

10*21 

30*37 

10*61 

iV'SO 

5 

SPIA 

3*33 

5*11 

6*35 

7*37 

3*32 

3.74 

S*U 

3*36 

3*© 

3-92 

10*  IS 

i 

Sr  la 

2*8? 

4*© 

5-63 

6*62 

7*27 

?*  61 

7*89 

a. 24 

St,fSk 

W*w 

3-07 

S-23 

y 

HrXO 

2-64 

3-45 

4*50 

5*22 

6-05 

V*  -V 

5*73 

7-40 

7*?1 

8*16 

8*47 

i 

* 

5?1? 

2*45 

3-11 

3 -SC 

4*49 

5*13 

r.«* 

fv 

6-24 

6*© 

7-13 

7*55 

7*34 

% 

SrlQ 

2*84 

4*81 

6*61 

?*33 

7*  SC 

8-05 

3*4L 

3-55 

9*20 

9-39 

9*73 

t 

SPLS 

2-54 

4*00 

5*52 

6*42 

s-sa 

7*34 

7*75 

s-cs 

8*45 

8*75 

9*13 

3 

SPLS 

2*33 

3*32 

4-55 

5*23 

5*  so 

6*36 

6*31 

7*23 

7*61 

8*02 

8*36 

4 

» 

SPLT 

2*22 

2*3? 

3*89 

4-44 

4*S£ 

5-59 

6-01 

5-43 

6-90 

7*34 

7-61 

I 

5 

1 

* 

s 

*?IS 

2*05 

2*65 

3*3? 

4*02 

4*61 

5-20 

5*© 

6*09 

6-56 

6-94 

7*25 

3FLt 

2*07 

2*51 

3*15 

3*© 

4*35 

4*® 

5-43 

5*29 

e-3€ 

6-73 

7*23 

I?i¥ 

I-3S 

2*40 

3-00 

3*4? 

*  _  ■**-'*■ 
■5*CV 

4-£5 

5*36 

5*86 

5-S 

6-73 

7*5? 

=- 

■i 

1 

fb) 

sosSOTKw 

♦ 

i 

- 

t 

431 

*?4n 

Z'lC 

3-05 

J_*V 

^•w 

4*70 

5<30 

5-35 

6*35 

6-75 

7-15 

7-60 

432 

1*55 

2*55 

3*40 

4-35 

5-10 

5*75 

5*30 

5*75 

?-i£ 

?*© 

D*vv 

E, 

JV®"* 

■5. 

6*60 

£aC% 

si 

i*V< 

1*-5C 

3*^5 

c*  »v 

£*32 

5*10 

5*© 

6*55 

7*05 

?.© 

’/’w 

7*S5 

i  Dw 

S-K 

« 

S-S5 

« 

£92 

2*15 

5*40 

4*50 

5*55 

6*40 

*v,*w 

7*45 

7*55 

0*i0 

2*35 

a-4c 

5*aA 

S*20 

6*10 

6-60 

7*80 

S-15 

3«4v 

B*© 

3*55 

©J 

4«  Jv 

5-A? 

6*© 

7*70 

S«55 

3*70 

8*95 

9-10 

5-2C 

S-© 

| 

cC2 

V7^ 

4*© 

6*40 

8*10 

3*^ 

3*© 

9*20 

9.2C 

5=25 

9*  1C 

f 

SS3 

3*30 

£-10 

£-50 

7*90 

S-cC 

S*S5 

9*25 

9*40 

9-45 

9-30 

9*15 

s 

(c; 

i 

■11 

2*55 

3-© 

4*45 

4-SS 

5*40 

5-35 

6*30 

S-SO 

7-25 

7*75 

1 

<2 

2*00 

2*70 

3*© 

4*45 

4*35 

5*13 

v*  fv 

6*30 

6*35 

7*95 

= 

43 

2*10 

3 -00 

3-K 

4*© 

5*00 

5*50 

6*00 

6-© 

7*10 

?*iO 

J 

<t 

2*40 

—  v 

<  1 A 

t*?“ 

5*20 

5-70 

6-40 

6*95 

7*20 

?  *  cc 

s.oe 

a*© 

i 

2*40 

3*35 

5*10 

5*85 

€-60 

7*10 

?•© 

8*05 

3*5£ 

s*oo 

9*45 

A 

33 

2*50 

4  D  1c 

5*65 

6-30 

6*95 

7*55 

3*05 

S-50 

e-ao 

? 

Cl 

2-S5 

4*25 

5-W 

r-SC 

?-2£ 

7*75 

8*15 

S*40 

8-SS 

9*40 

c 

S2 

3*10 

4-50 

S-CS 

6*65 

7*50 

8*05 

a*© 

8*7© 

© 

3*40 

5*“ 

6-55 

7*45 

3*W 

8*45 

s-re 

B*S5 

S-80 

T  ,  S. 

4-© 

6*00 

7*55 

B*40 

8*55 

9*33 

9-70 

13*00 

10-15 

*0.20 

= 

« 

3*90 

6*10 

7*© 

a*© 

9*40 

9* Si  10-40 

10*75 

| 

© 

4*40 

6-© 

8-35 

f*40 

10*10 

50- =5 

♦  t  ,4« 
t»  4V 

11-40 

rc ’*  Nv 

. I  i  m  ■  . . « 


R- 1667 


"W 


W 


TABLE  i V :  [continued] 

~7d^r 


p 

1  ny 


MODEL 

1.0  1.1 

(d)  SS?A 

1.2 

1.3 

1A 

1.5 

1.6 

l  *» 

1.8 

1.9 

2.0 

i 

1215A 

3*25 

4*40 

5*35 

6*21 

6*97 

7*60 

8-12 

8*59 

8*90 

9*11 

9*32 

I212A 

3*30 

4*10 

5*45 

6*32 

6*9  C 

7*53 

8*05 

8*50 

8*83 

9*20 

9*53 

1209.1 

3*28 

4*40 

5*45 

6*39 

7*15 

7*73 

8. 20 

3*66 

9*00 

9*32 

9*71 

1216A 

2*30 

3*  13 

3»S0 

4*60 

5*1? 

5*68 

6*11 

6*52 

6*90 

7*25 

7*63 

f 

1213A 

2*30 

O' 16 

3*90 

4*58 

5*13 

5*68 

6*  13 

6*58 

7*00 

7*40 

7*82 

x* 

121CA 

2*15 

3*10 

3*S1 

4*63 

5*24 

5*80 

6*29 

6*75 

7*19 

7*60 

8*00 

1217A 

1*7C 

2*40 

3*02 

3*60 

4*10 

4*56 

5*00 

5*40 

5*76 

6*13 

6*50 

1214A 

1-77 

2*43 

3*08 

3*60 

4*09 

4*55 

5*00 

5*40 

5-31 

6*22 

c«62 

1211A 

1*64 

2*36 

3*02 

3*60 

4*11 

4*C0 

5*04 

5*49 

5*92 

6*38 

6*82 

i 

i 

(e)  S£HI£S  64  I 

! 


4784 

1*70 

2*23 

2*60 

3*40 

3*87 

4*20 

4*55 

4*90 

5*20 

5*55 

5*90 

4788 

S*6C 

2-00 

2*30 

3*03 

3*50 

3*65 

4*25 

4*60 

4*90 

5*20 

5*50 

4799 

1*40 

1*75 

2*05 

2*40 

2*75 

3*10 

3*50 

3*85 

4*30 

4*65 

5-00 

4790 

1*70 

2*20 

2*65 

3*15 

3*65 

4*10 

4*60 

5*00 

5*45 

5-90 

6*25 

4791 

1*45 

1*80 

2*30 

2*80 

3*25 

3*7w 

4*07 

4*40 

4  *60 

5*17 

5*50 

4792 

1*40 

1*55 

1*95 

2*25 

2*65 

3*05 

3-50 

3*85 

4*20 

4*60 

4*95 

4793 

1*30 

2*20 

2*80 

3*45 

4*05 

4*45 

4*95 

5*3U 

5*65 

6*03 

6*38 

4794 

1*65 

2*00 

2*40 

2*90 

3*60 

4*00 

4-45 

4*90 

5*30 

5-70 

6*10 

4795 

1*35 

1*60 

1-90 

2*25 

2*©) 

2*95 

3*3o 

3*70 

4*10 

4*45 

4*80 

4796 

1*45 

1*90 

2*40 

2*90 

3*35 

3*75 

4*15 

4*50 

4*“0 

5*10 

5*40 

4.97 

1*45 

1*80 

2*20 

2*60 

3*00 

3*45 

3*35 

4*15 

4-io 

4*80 

5*10 

47S8 

1*20 

1*40 

1*70 

2-00 

2*35 

2*70 

3*05 

3-30 

3*60 

3*95 

4*30 

4799 

1*80 

2*20 

2*65 

3*10 

3*55 

3*95 

4-35 

4  *>70 

5*10 

5*45 

5*75 

4800 

1*35 

1*65 

2*00 

2  ‘  43 

2*85 

3*35 

3-70 

4-00 

4*30 

4*60 

4*95 

4801 

1*10 

1*35 

1*65 

1*90 

2*25 

2*55 

2*90 

3-25 

3*65 

4*00 

4.20 

4802 

1*50 

1*90 

2*35 

3*00 

3*50 

3*95 

4*35 

4*75 

8*05 

5*35 

5*70 

4S03 

1*35 

1*70 

2*05 

2*40 

2*35 

3*25 

3*70 

4*10 

4*50 

4*90 

5*20 

4804 

1*30 

1*50 

1*75 

2*05 

2*35 

2*70 

3*05 

3*40 

3*75 

4*10 

4*40 

4805 

1*50 

1*90 

2*30 

2*80 

3*30 

3*80 

4*20 

4*60 

4*95 

5*30 

5*60 

4606 

1*35 

1*70 

2*00 

2*35 

2*75 

3*20 

3*65 

4*05 

4*45 

4*85 

5*15 

4807 

1*45 

1»?5 

2*05 

2*35 

2*80 

3*10 

3*50 

2*85 

4-20 

4-50 

5*00 

4808 

1*55 

1*90 

2*25 

2*70 

3*15 

3*65 

4*05 

4*45 

4*  80 

5*20 

5*65 

4809 

1*50 

1*75 

2*00 

2*30 

2»?C 

3*20 

3*70 

4*05 

4-40 

4*80 

5*15 

4310 

1*35 

1*60 

1*80 

2*00 

2*30 

2*70 

3*20 

3*75 

4-20 

4*70 

5*20 

4811 

1*60 

1*35 

2*30 

2*70 

3*20 

3*65 

4*15 

4*70 

5*10 

5*55 

6*00 

4812 

1*50 

1*80 

2*10 

2*50 

2*90 

3*30 

3*80 

4*30 

4.70 

5*15 

5*50 

4813 

1*35 

1*50 

1*85 

2*15 

2*45 

2*85 

3*30 

3-75 

4*20 

4*60 

4*35 

TABLE  IV:  LCcrst*mied] 


R- 7667 


DEL 

1.0 

1.1 

1.2 

!.?. 

1.4 

1.5 

1.6 

u? 

1.3 

1.9 

2.0 

m 

SERIES  63 

- 

47811 

3*40 

4*30 

5-30 

6*20 

6*85 

7*40 

7*75 

8*05 

8*30 

9*55 

8*65 

47312 

3*85 

5*30 

6*80 

6*00 

8*53 

0*90 

9*15 

9*35 

9*55 

9*80 

10*05 

47813 

4*70 

6*90 

8*50 

9*40 

S*95 

1C*  <^0 

10*55 

10*75 

11*00 

11*25  11*60 

47901 

3*  1C 

4*00 

5*15 

6*16 

6*9C 

7*40 

7*90 

8*30 

£*65 

9*00 

9*40 

47802 

4*20 

5*80 

7*10 

8*25 

8*50 

8*85 

.9*25 

9*50 

a.so 

10*25 

10*60 

47803 

4*6C 

6*90 

8*40 

9*40 

9.90 

10*20 

ICiOC 

10*75 

11*05 

11*40 

11*65 

47804 

5*20 

8*10 

10*15 

■10*90 

12>35 

11*65 

11=95 

12*35 

12*50 

22*80 

13*10 

47771 

3*65 

4*70 

5*85 

6*  75' 

7*50 

8*10 

8*65 

9*15 

9*45 

9*80 

10*20 

47772 

4*00 

3*80 

7*25 

a*  ic 

8*70 

S»15 

9*55 

9*90 

10*20 

10*56 

10*90 

47773 

4*80 

6*80 

8*70 

9*70 

10*15 

10*  50 

10*75  10*95  11*15 

11*40 

?.1*70 

47774 

5*30 

8*50 

10-20 

10*85 

11*20 

11*50  11*80 

12*10 

12*40 

12*70 

23*16 

47775 

6*40 

10*00 

11*75 

12*50 

13*00 

13*05  13*20 

13*40  13*70 

14*00 

14*35 

477S1 

3*60 

4*90 

6*35 

7*45 

8*30 

6.80 

5*10 

9*55  10*05 

10*65 

11*30 

47792 

4*10 

6*iC 

7*85 

8*70 

9*30 

9*70 

10*10 

10*50 

11*00 

11*60 

12*20 

47793 

4*70 

7*50 

9*00 

9 -90 

10-  20 

10*45  10*80 

11*30 

11*85  12*40 

12*30 

47794 

6*50 

9*20 

10*60 

U*C5  11*35 

11-85  12rC0 

12*40 

12*75  13*25  13*85 

47795 

7-30 

10*40 

1H9C 

12*20 

12*40 

12*60 

13*20 

13*65  14*06 

14*45 

15*00 

47782 

4*25 

6*80 

8*40 

9*30 

9*60 

10*15  10*45  10-70 

11*00 

11*50  11*95. 

47783 

5*30 

7*60 

9*30 

10*20 

10*75 

11*10 

11*45  11*90 

12*30 

12*65 

13-00 

47784 

6*20 

9*80 

11*30 

11*95 

12*10 

12*40 

12*70 

12*95 

13*20 

13*50 

13*70 

47785 

7*40 

10*60 

12*50 

12*90 

13*5.0 

13*50 

13*95  14*25 

14*55  14*80  15*05 

isl 

SERIES  62 

46651 

13*80 

19*40 

22*15  22*85  22*30 

22*55  22*05  21*40  20*75  20*00 

19*26 

46652 

10*  70 

15-55 

18*25 

18*23 

17*50 

17*20 

16*95 

16*63 

15*25  15*80  15*40 

4S653 

8*90 

12*20 

15*45  15*65 

14*90 

14*35 

13*30  13*50 

13*10 

12*75 

12-40 

46654 

3*90 

1?*4C 

14*45  14*75 

14*20 

13*65 

13*25  12*90 

12*45  11*93  It* 35 

46661 

10*00 

13*45  16*40 

17*60 

17*65 

17*55  18*35  18*80 

19*20 

19*25  19*C£ 

46652 

8*05 

10*85 

12*90 

13*65 

13*60 

13*90 

14*00 

14  >  10 

14*25  14*45  -14*60 

46653 

7*25 

S*40 

10*95 

11*80 

12*12 

12*25 

12*30 

12*30 

12*25  12*05  11*85 

46664 

6*25 

3*00 

9*45  10*10 

SO*  20 

10*35  10*70 

11*10 

11*25  11*20 

11*00 

46572 

6*05 

7*90 

9*65  lu*5C 

10*95 

11*25  11*58 

11*90 

12*18  12*40 

12*55 

46673 

5*25 

6*75 

3*10 

8*90 

9*35 

9*70 

9*95 

10*20 

13*45 

10-75 

11*00 

46674 

4*60 

5*80 

6*gc 

7*55 

S-00 

8*35 

8=65 

9*00 

9*30 

9*65 

9*95 

46682 

4*55 

5*85 

7*00 

8*00 

a*  70 

8*93 

3*00 

9*2S 

9*05  10*00 

50*40 

46683 

3*85 

4*80 

5*70 

6*50 

7*i5 

7*  £8 

8*00 

8*40 

8*75 

9*05 

9*40 

46684 

3*50 

4*25 

5*05 

5*75 

6*30 

6*70 

7*00 

7*40 

7=90 

8*35 

8*80 

46692 

3*  SC 

4*80 

5*90 

6*50 

7*65 

S*!C 

8*55 

S-30 

S*20 

9*50 

9*85 

46S93 

4*10 

4*30 

5*5-5 

6*  IQ 

5*  60 

7*05 

7*50 

7*S0 

.8*30 

8-70 

«3*w 

3*70 

4-35 

V'WV 

5-35 

6*30 

6*65 

7  >05 

7^45 

7*80 

5*20 

- 

AS 

- 

- 

r* 

if 


-4 


0 


D 

l?' 


0 


«  5 


a-  - 


&,  >  v  -r 


R-1667 


iyiF.  V:  RES ! OUARY  RESISTANCE  VALUES  FOR  ALL  HOOELS  USED  IN  DERIVING 
(a-c)  RESISTANCE-ESTIMATING  EQUATION.  TABULATED  NUMBERS  ARE  100  Rr/5 

( lb/lb)  BASED  ON  1347  ATTC  (SCHOENHERR)  FRICTION  COEFFICIENTS 
EXCEPT  FOR  SSPA,  WHICH  ARE  BASED  ON  1957  1TTC  LINE. 


MODEL 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

i*L 

NPL 

3  PL  A 

5*  29 

8*48 

9*94 

10*22 

10*17 

9*88 

9*47 

9*98 

9*34 

11*34 

11*40 

NPLB 

3*89 

6*2C 

7*76 

8*46 

8*71 

8*65 

8*66 

8*58 

8*74 

8*78 

8*81 

KPLC 

3*13 

4*83 

5*93 

6-87 

7*12 

7*2? 

7*22 

7*31 

7*35 

7*63 

7*67 

HPLD 

2*80 

4*18 

5*02 

5*86 

5*15 

6*37 

6*50 

6*51 

6*63 

6*88 

6*9 8 

SPLS 

2*3 

3*64 

4*41 

5*23 

5*6? 

5*93 

6*31 

6*41 

6*57 

6*74 

6*79 

XPI-F 

4*86 

7*31 

9*37 

3*40 

9*49 

9*34 

9*29 

9*12 

9*34 

9*49 

9*60 

HPtG 

3*16 

5*53 

7*51 

8*13 

8*40 

8*44 

6*42 

8*34 

8*34 

8*40 

8*09 

NPIb 

2*51 

4*26 

5*92 

6*79 

7*20 

7*33 

7*40 

7*39 

7*40 

7*25 

6*99 

NPLI 

2*13 

3*53 

4*71 

-5-25 

5*S3 

5*93 

6*02 

6*19 

6*20 

6*37 

6*31 

KPU 

1*83 

2*89 

3*69 

4*21 

4*68 

4*90 

6*10 

5*23 

5*36 

5*44 

5*62 

KPLK 

1*51 

2*34 

2*59 

3*36 

3*36 

4*12 

4*44 

4*53 

4*64 

4*79 

4  88 

KPLL 

3*39 

5*55 

6*99 

7*64 

8*00 

8*29 

3*47 

8*46 

8*40 

8*41 

8*51 

SPLH 

2*53 

4*32 

6*02 

6*78 

?*  07 

7*30 

7*46 

7*50 

7*56 

7*57 

7*53 

a?Lg 

2-17 

3*01 

4-69 

5*45 

5*91 

6*05 

6*12 

6-33 

6*43 

6*51 

6*40 

SPLO 

1*88 

2*54 

3*42 

3*96 

4*60 

4*81 

4-32 

6*25 

5*29 

5*45 

5*45 

SPI-P 

1*64 

2*15 

2*76 

3*16 

3*60 

3*95 

4*25 

4*43 

4*63 

4*75 

4*74 

NPLO 

2*  24 

4*03 

5*76 

6-34 

6*66 

6*75 

6*99 

7*38 

•**33 

7-30 

7*38 

NPLR 

1*33 

3*21 

4*57 

5*32 

5*71 

5*88 

6*10 

6*22 

6-35 

6*41 

6*52 

BPLS 

1*61 

2*45 

3*52 

4*04 

4*42 

4*79 

5*02 

5*2 9 

5*37 

5*52 

5-60 

NPLT 

1*48 

1-26 

2*34 

3*22 

3*55 

3*98 

4*19 

4*44 

4*62 

4*79 

4*79 

SP1U 

1*30 

2*70 

2*25 

2*72 

3*12 

3*50 

3*70 

3*93 

4*13 

4*24 

4*26 

SPOT 

1*20 

1*47 

1*92 

2*30 

2*72 

3*11 

3*31 

3*50 

3*67 

3*81 

3-94 

HPLV 

C*S3 

1*23 

J*63 

1*88 

2*37 

2*80 

2*99 

3*19 

3*35 

3*48 

3*71 

M. 

N0RDS7H0I! 

43i 

0*70 

1*35 

2*00 

2*75 

3*o0 

3*70 

A  .  AA 

1*w 

4*30 

4*50 

4*60 

4*70 

432 

0*85 

1*50 

2*45 

3*15 

3*70 

4*20 

4*50 

4*80 

5*00 

5*20 

5*35 

433 

1*10 

i*so 

2*80 

3*50 

4  J5 

4*45 

4*75 

5*00 

5*20 

5*30 

5*35 

SSI 

o*eo 

2*10 

3*20 

3*90 

4*60 

5*Co 

5*40 

5*60 

5*80 

5-90 

5*95 

592 

1*45 

2*65 

3*60 

4*35 

5*00 

5*45 

5*70 

5*90 

5*95 

6*00 

5*90 

SS3 

1*60 

3*00 

4*15 

4*95 

5*50 

5*90 

6*15 

6*30 

6*35 

6*25 

5*85 

601 

1*35 

3*50 

4*35 

5*75 

6*40 

6*35 

7*10 

7*15 

7*10 

7*00 

6*90 

602 

2*35 

4*00 

5-40 

6*25 

0-85 

7*20 

7*40 

7*45 

7*30 

7*05 

6*85 

603 

2*45 

4*35 

c-90 

6*50 

7*25 

7*50 

7*70 

7-60 

7*40 

7*00 

6*50 

(c) 

PEGP.OOT 

41 

i- 10 

1*55 

2*45 

3*15 

3- SO 

3*?5 

4’CO 

4'  ">2 

4*48 

4*70 

4*95 

42 

1*2C 

i-60 

2*50 

3*25 

3*45 

3*65 

4*00 

4*30 

4*60 

4*90 

5*20 

4S 

1*45 

2*10 

2*90 

3*40 

3*60 

3*90 

4*25 

4*55 

4*90 

5*30 

51 

1*60 

2*  SO 

3*40 

3*95 

4*45 

4*80 

5*15 

5*35 

5*42 

5*50 

5*75 

52 

1*30 

3*00 

4*10 

4*75 

5*25 

5*55 

5*90 

5*15 

6*40 

6*60 

6*85 

S3 

2*15 

3*40 

4*53 

5*20 

5*70 

6*10 

6*45 

6*65 

6*80 

61 

2*20 

3*65 

4*75 

5*45 

5*30 

6*25 

6*40 

6*43 

6*50 

6*SS 

62 

2-40 

3*30 

5*05 

5*80 

6*20 

6*58 

6*75 

5*£0 

6*75 

6*50 

63 

2*7S 

4*25 

5*60 

6*30 

6*75 

7*05 

7*45 

?*os 

6*85 

ri 

2*73 

3*85 

O*  iU 

&*& 

r*i2 

y»4o 

?*?w 

-?*85 

v.’rfi 

r*B5 

r*7v 

72 

3*10 

5*35 

6*75 

7*55 

8*10 

8*53 

8*00 

6*95 

73 

3*55 

5*60 

7*40 

8*30 

8*85 

9*30 

9. 55 

9*70 

ECont'd) 


n-i^7 


TA8L?  V:  [Continued] 

(d-e} 


MODEL 

ip) 

i.O 

SS 

M 

PA 

U2 

1,3 

J.5 

K6 

U 

1,3 

U9 

2,0 

-XzJ- 

1215A 

2*40 

3*46 

4*30 

6*02 

e*ai 

6*0? 

6*40 

6-60 

8-68 

0*64 

5*70 

1212A 

2*62 

3*45 

4*30 

-e-sa 

e*£e 

6*02 

£*32 

6*43 

G«fj£ 

6*68 

6*82 

1203  A 

2*60 

3*43 

4*33 

s«ifi 

5*76 

6*12 

6l6< 

6*72 

6*79 

6*86 

7*00 

121 6A 

i»45 

2*16 

2*7 1> 

3*30 

3^?0 

4*05 

4*28 

4*50 

4*62 

4*70 

4*86 

1213A 

1*52 

2*20 

2*78 

3*30 

3-68 

S*98 

4*2S 

4*40 

4*60 

4*75 

4*92 

121CA 

1*40 

2*10 

2*72 

3*28 

3*70 

4*ae 

4*36 

4*60 

4*80 

4*95 

b*12 

12£7A 

0*85 

1-40 

1-50 

2*2© 

2*60 

2*32 

3*03 

3*12 

3*25 

3' 3b 

3*S£ 

1214A 

C-90 

1-40 

1*80 

2-22 

2*45 

2*72 

2*86 

3*10 

3*32 

3*48 

8*C2 

1212A 

0*80 

i-32 

1*30 

2*20 

2*62 

2*  7b 

2»S8 

8*20 

3*40 

3*56 

3*72 

SUitS  64 


4784 

0*95 

1*40 

1*05 

2*20 

2-50 

2*70 

2*85 

2*05 

3*05 

3*16 

3*20 

4738 

0*80 

1*05 

1-40 

1*75 

2*03 

2*20 

2-40 

2*58 

2*60 

2-70 

2*80 

4739 

0-60 

0*75 

0*93 

1*05 

1-25 

3*40 

1<©3 

1-76 

S*S5 

1  *55 

2*06 

4790 

1-05 

1*33 

1*60 

1-95 

2*40 

2-50 

2*80 

3*  CO 

3-28 

3-40 

2*66 

4791 

0*70 

0*90 

1*20 

1*50 

1-80 

2*  OS 

2*20 

2*40 

2-60 

2*65 

2*76 

4792 

0*60 

0*65 

0-85 

0*95 

1*15 

1*36 

1*55 

1*70 

1*80 

1*99 

2*00 

4793 

1*05 

1*35 

1-75 

2*20 

2*55 

2*85 

3*10 

3*25 

3*36 

2-50 

3*6£ 

4794 

0*90 

1*?0 

1-40 

1-70 

2*05 

2*30 

2-55 

2*75 

2*95 

2*06 

3-25 

4795 

0-55 

0*60 

0*85 

C-90 

1-0& 

1*20 

1-35 

1*45 

s-es 

1*7? 

1*75 

4796 

C*7Q 

0*95 

1*30 

1*60 

1*30 

2*38 

2-30 

2-43 

2*60 

2*65 

2*66 

4797 

C-?0 

0*85 

1*05 

1*25 

1-50 

1*70 

1*90 

2*33 

2*30 

2*  15 

2*1? 

4?93 

0*35 

0-40 

0*55 

6*65 

0*80 

0*98 

1*00 

1*16 

1*20 

1*25 

1*30 

4799 

0*95 

1*20 

1*50 

1-80 

z*n 

2<S5 

2*55 

2*70 

2-56 

2-90 

2*95 

/O/vn 

•jCvv 

0*50 

0*70 

0*90 

1-10 

i*3& 

1-55 

1*70 

1*90 

1*98 

2*05 

2*18 

4801 

0«3C 

0-35 

C-40 

0-50 

0-65 

0-75 

0*90 

i-so 

1-10 

1-20 

1*26 

4802 

0*70 

0*80 

1*20 

1*60 

1*95 

2*20 

2-4? 

2*55 

2-65 

2*70 

2*76 

4803 

0*50 

0*60 

0*80 

1-00 

1*30 

1*50 

1*7? 

1-66 

1-9S 

2*02 

2*10 

4304 

0*40 

0*40 

0*40 

0*50 

0*60 

0-75 

<\-£Vfc 

v’W 

3*98 

1*03 

1*12 

1*35 

4805 

0*70 

0*90 

1«15 

1*45 

1*7S 

1-S8 

2*15 

2*30 

2-40 

2*50 

2*63 

4806 

0*55 

0*65 

0*80 

0*95 

1*10 

1*30 

1*50 

1*70 

1*80 

£<90 

1*56 

4807 

0*55 

0*60 

0*70 

0*80 

0*95 

l-CS 

1*20 

.t*3C 

1*40 

1-5C 

S*60 

4808 

C*6S 

0*85 

1*05 

1*35 

1*60 

1*83 

2*05 

2*15 

2*25 

2*55 

2-45 

4809 

0*5S 

0*60 

0*70 

C-SO 

1«C5 

1*20 

1*40 

3*60 

1*70 

1*80 

1,90 

4810 

0*40 

0*45 

0*43 

0*42 

C«55 

0-70 

1*00 

1*20 

1-40 

1*50 

1*78 

4811 

0*70 

0*35 

2*00 

1*25 

1*50 

1*60 

2*  CO 

2-25 

2*40 

2*55 

2*70 

4812 

0*55 

0*70 

0*80 

0*30 

1*15 

1*35 

1*5? 

1*70 

1*85 

5  #55 

2-10 

4813 

0*35 

0*40 

0*45 

A  **A 

G*Ov 

0*60 

•n.,  test, 

U* 

0-20 

1-00 

1*15 

i*2t 

1-3& 

•&*  m- 


Ctertt'd] 
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APPENDIX  A 

INFLUENCE  0^  LCG  POSITION  ON  RESISTANCE 
OF  SERIES  63  MODELS  IN  HUMP-DRAG  REGION 

Four  models  of  the  Series  63,  round-bottom  utility  boat  series,  were 
tested  in  calm  water  to  determine  the  influence  of  LCG  position  on  resis¬ 
tance,  change-of-trim  and  heave  over  the  range  of  speeds  where  large  wave¬ 
making  resistance  occurs. 

The  models  tested  in  this  program  have  nominal  length-beam  ratios  of 
3»^»5  and  6.  A  shorter,  beamier  model,  having  nominal  L/B  of  2.5  was  not 
included  in  the  present  program.  Ali  of  these  models  were  built  by  the 
David  Taylor  Model  Basin  and  had  previously  been  tested  for  level-keel 
conditions  at  Davidson  Laboratory.  Full  results  of  these  tests  and  des¬ 
criptions  of  the  models  have  been  given  by  Beys  in  Davidson  Laboratory 
Report  No.  9^9.  A  10-station  body  plan  and  water! isie  and  profile  endings 
are  shown  in  Figure  8  of  the  present  report. 

The  models  were  tested  at  two  displacement  conditions  corresponding 
to  nominal  beam-draft  ratios  of  3.33  and  5.00.  All  tests  were  run  in 
Davidson  Laboratory  Tank  Ho.  1  (I30,x9'x4.5‘) -  Model  resistance  in  the 
horizontal  direction  was  ir»easured  with  a  stiff-spring  element  balance  in¬ 
corporating  a  linear-variable  differential  transformer  whose  output  was 
recorded  by  integrating  digital  voltmeters  at  the  tankside  control  station. 
The  models  weft  tawed  through  a  pivot  box  whose  axis  was  on  the  assumed 
propeller  shaft  axis.  A  vertical  force  was  applied  through  the  pivot  box 
and  adjusted  in  magnitude  so  that  the  resultant  towing  force  acted  along 
the  shart  line  which  had  a  7-2  deg.  slope  relative  to  the  baseline,  the 
same  as  for  the  earlier  tests  reported  in  Reference  !J.  Trim  and  heave 
were  measured  with  heave  indicators  at  the  FP  and  A P  of  the  rrodels.  A 
0.0*»-in.  diameter  wire  strut,  placed  5  inches  ahead  of  die  FP  to  a  depth 
equal  to  the  mode!  draft,  was  used  to  stimulate  turbulence.  Photographs 
were  taken  of  most  of  the  test  runs. 

Model  results  are  presented  in  Tables  A-l  to  A-VI ,  covering  the 
following  conditions. 
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TABLE 

MODEL 

L/3 

(Horn! nai) 

B/T 

( Nan  1  ns 1 ) 

A- 1 

h78i 

6 

3.33 

A-!  1 

4780 

5 

3.33 

A-lll 

4777 

4 

3-33 

A- IV 

4780 

5 

5.0J 

A-y 

4777 

4 

5-00 

A-VI 

4779 

3 

5.00 

Model  results  of: 

speed 

VH 

ft/sec 

resistance 

RH 

lbs 

Reynolds  Mo. 

Resistance  Coeffsc 

REM 

ient  CTK 

VM  x  L  /v 

PP 

RM/  |  VA(VH) 

Trim 

TRIM 

deg 

Heave  of  Sta.5(ami 

dship)  HVE 

in 

are  Included,  where  v  =  kinematic  viscosity  of  water,  p  =  mass  density  of 
.^/ater,  and  WA  =  wetted  area  of  model.  These  resuits  are  also  presented 
as  dimensionless  parameters: 


Length  Froude  Number 

FML 

VM/v  gL  . 

Volume  Froude  Musber 

FND 

VH/*/  gv1/3 

Residuary  Resistance  Coefficient 

RR0D 

Rr/4 

Total  (Ship)  Resistance  Coeff. 

RS0D 

where  V1^3  =  (displaced  volisne)*^  .  Residuary  and  total  (ship)  resist¬ 
ance  were  calculated  based  on  Schoenherr's  (1S47  AT7C)  Friction  formulation 
for  model  and  hull.  Ship  predictions  are  for  100,000  lbs  S.W.  at  59°F  with 
C.  -  0,  comparable  to  the  tabulations  for  Series  62  given  by  Clement  and 
Blount. J  The  Reynolds  number  is  based  on  Lpo,  rather  than  measured  mean 
wetted  length,  and  the  wetted  area  is  assumed  to  be  equal  to  the  Stillwater, 
level  trim  value,  Independent  of  speed  and  initial  or  running  trim.  For 
the  speed  range  under  consideration,  these  are  reasonable  approximations, 
and  since  the  residuary  resistance  is  such  e  dominant  fraction  of  the  total, 
the  Influence  is  considered  unimportant. 
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TABLE  A- I 

Model  4?81  L/B  =  6  (Nomina!)  B/T  =  3.33  (Nominal) 

aflcft/'ei  I  —  5  f  *■  .A  (**  1  li r  t  -f— O—  .  ,  _ 


TEST  2:  LCG  -  4.f‘7-in  aft  amidshir 


I 

7-53 

1*101 

2*348 

11*52 

4*32 

0*25 

0*766  1*827 

0*0805  0 •  1CC-3  ; 

is 

j 

i  * 

1 

TEST  3: 

LCG  = 

0.47-in 

aft 

dships 

| 

II 

4*6-3 

0*522 

1*444 

14*45 

v#o^ 

**0*3C 

0*471  1*124 

0*0405  0*0485  1 

TEST  4 


87-in  aft 


0*1106 


TABLE  A -11 

Model  ^789  L/B=5  (Nominal)  S/T=3.33  (Noceinal) 

Model  Characteristics:  L  =  3.00  ft  ;  L  =  13-26  *bs  F.W.  at  ?6°F  :  W.A. 

pp  o 

Scale  Ratio  =  19.^3  for  100,000-lb  ship  in  59  F  S-V.;C„=Q  for  prediction 

VH  RH  REM  CTH  TRIM  HEAVE  FNL  FNO  RR00 
ft/sec  lb  xiO"5  xlO3  deg  in 

TEST  I :  LCG  =  2.27-in  aft  amidship  (level  trim) 

t-Mc  -snm  *  *  -  *  r'r'Ai  0*7 66  l.?20  0*7945 

>16  0*565  1*529  0*0663 


=  2.08  ft2 

of  R  .  . 
snip 


REM 

xiO"5 


5*036  10*65  4*92 

OJ-ir.  aft  araidship 
•660  27*94  6*64 


0,n7-In  a  ft  tssidshi 


09  0*440  0*937  0*0656  0*0716 

*10  0*333  0*745  0*0227  0*0263 


0*1450 

0*153? 

0*1435 

0*1525 

0*1223 

0*1 302 

0*0930 


D*wc€0 


0*0704  0*0755 

055 


*  -  ov. 


«UpllU»#iMr  'ISWW.^ 


TABLE  A- II  I 

Model  h777  L/B=£i  (Nominal)  8/T  =  3.33  (Nominal) 

Model  Characteristics:  L  =  3  ft;  &  =  20.72  lbs  F.W.  at  76°F  :  V.A.  =  2.6! 

PP 

Scale  Ratio  =  16.75  for  100, 000-lb  ship  in  59°F  S.W.jC*^  for  p'ediction  of 


VH 

RH 

REM 

CTM 

TRIM 

HEAVE 

FNL 

FND 

RROD 

ft/sec 

lb 

xiO"5 

xlO3 

deg 

in 

TEST  1 : 

ICG 

=  2.2?-i 

n  aft  amidshtp  ( 

level  trim) 

3-97 

0*683 

1*223 

17*14 

0*24 

-0*35 

0*404 

0*842 

0*0246 

5-73 

2*739 

1*765 

33*00 

5*21 

-0*35 

0*583 

1*215 

0*1163 

7-54 

2*955 

2*322 

20*56 

5*73 

0*02 

0*767 

1*599 

0*1164 

9*32 

3*433 

2*871 

15*64 

6*23 

0*47 

0*949 

1*976 

0* 1272 

4*© 

1*402 

1*445 

25*22 

2*25 

—0*41 

0*477 

0*994 

0*0566 

6-46 

2*826 

1*990 

26*79 

5*77 

-0*11 

0*557 

1«37C* 

0*1166 

5-38 

2-413 

1*657 

32*98 

4*89 

-0*32 

0*548 

1*141 

0*1023 

r  <">o 

v  w4 

1*902 

1*546 

29-66 

3*75 

-0*32 

0*511 

1*064 

0*0793 

5,87-in  aft  ssidship 


R'i&S: 


TABLE  A- IV 

Mode!  4730  L/8=5  (nominal)  B/T=5.00  (Nomir.a?) 


* 

Model 

Characteristics: 

L  * 

3  ft  :  h  ~  7.35  lb 

■f  K.W. 

at  ?t>  *  ; 

V-A-  = 

i  7  5  r  »2 

1 

PP 

1 

Scaie 

Ratio  = 

23-65  for  100. 000-lb  ship 

In  53°F 

S.W,;CA 

=0  for  pr 

eviction 

of  R  - 

Shi 

\ 

VM 

Rrf 

REM 

CTM 

TRIH 

HEAV'E 

F.NL 

FND 

RROD 

P.SOO 

i 

ft/sec 

lb 

xlO"6 

xiO5 

deg 

in 

1 

TEST  5 

:  LCG  = 

•  «*A  * 

:  1.50- in 

aft  aei-ishlp  (level  tris) 

4*32 

0*365 

1*331 

li-Si 

1*13 

*0*24 

0-440 

1*08S 

0-0321 

C*  04-05 

- 

3*25 

0*147 

1*001 

8*40 

0*11 

-0*13 

0*331 

0*819 

0*0095 

0*0145 

; 

5*74 

0*671 

1*768 

12*30 

2«S3 

*L-  14 

0*584 

1*446 

0*0618 

0*0?  63 

f 

5*03 

0*562 

1*549 

13*41 

2*27 

-0*21 

0*512 

1*267 

0*0533 

0-0646 

’ 

6*46 

0*756 

1-93D 

10*34 

3-20 

*0*05 

0=657 

1-628 

0*0665 

0*0844 

; 

7*17 

0*806 

2*208 

9*47 

3*12 

0*03 

0*730 

1-807 

0*0656 

0*0675 

8*24 

0*830 

2*523 

7*91 

5*29 

0*12 

0*339 

2*076 

0*0643 

0-0927 

• 

9*32 

1*070 

2*871 

7*44 

3*10 

0*19 

0*949 

2*348 

0*0745 

0*1103 

TEST  6:  LOG  =  3-78-if*  aft  aaldship 


j 

4*32 

0*415 

1*331 

lo— 43 

2*97 

i 

3*26 

0*1® 

1*004 

9-60 

1*62 

1 

5*74 

0*713 

1*766 

13*0? 

4-49 

5*03 

0*570 

1*549 

13*® 

4*00 

i 

§ 

6*46 

0*767 

1-9SC 

11*10 

4*73 

i 

i 

7*17 

0*846 

2*253 

9*94 

5*03 

? 

* 

7*89 

C*9iC 

2*430 

£>*S3 

5*05 

1 

i 

3*97 

0*35 

1*223 

11*30 

2*34 

TEST  7:  LCG  * 


4*32 

3*26 

5*74 

5*46 

6*46 

7*17 


5  cSTO 
0*211 
0*565 
0*921 
0*930 
0*934 


5.?8“'=>  aft  acwdship 
'i  >33i  18*44  5*01 


1*768 

1*390 

1*990 

2*203 

1*549 

1*223 


18*44 
11*99 
15*85 
13*55 
13*46 
11*67 
18-09 
IS  *25 


5*02 

3*32 

6*67 

6*92 

6-92 

?*CS 

6-1? 

4*29 


-0*11 

-e*c? 

0*02 

~o»o? 

0*12 

c*ia 

0*27 

“0*12 


0*04 

0*05 

0*52 

0*45 

0*45 

0*54 

C-2B 

0*05 


0*440 

0*332 

0*ES4 

0*512 

0*65? 

0*730 

0*803 

0*404 


0*332 

0*584 

0*657 

0*657 

0*730 

0*512 

0*404 


1-089 

0*821 

1<446 

1*26? 

1*638 

l-ec? 

1*388 

1-500 


1*CS9 

0*821 

1=446 

1*625 

1*628 

1*80? 

1*267 


0*0389 

0*0124 

0*0575 

0*0544 

0*06?9 

0*0710 

0-3712 

A§  A^CA 


C-OSCC 

0*0181 

C*C882 

C*C08S 

0*0800 

0*09U 

C-073S 

0*031 


0*0474 

0*0175 

0-0820 

0*0657 

0*0859 

0*0929 

0*0975 

0*0323 


0*0685 

C*C232 

0*1027 

C*lCf«3 

o*iosi 

0*1130 

0*0913 

0*5465 


-  t 

3  | 


TEST  8;  LCG  =  0 . ! 8- ; r,  aft  ssTcsHId 


| 

4*32 

0-343 

1*331 

11*10 

-0*70 

“0*36 

f 

7-83 

0-9® 

2*4® 

9-02 

1*81 

-0*12 

5*74 

0-634 

1*768 

11*62 

1*24 

”0*30 

I 

5*02 

0-5CS 

1*546 

12*1? 

0*61 

*0*35 

| 

3*25 

C-124 

1*001 

7*G9 

-1-46 

*0*23 

J 

3*97 

0-236 

1*223 

9*04 

-1*® 

-0*30 

& 

7*1? 

C-s2c 

2-20S 

9**70 

1-83 

"Q»20 

0*440 

0*803 

0*584 

0*511 

0*331 

0*404 

0*730 


i-ees 

1- ses 

i*446 

2- 2oS 
0*813 
1*030 
1*607 


0=0221 

O-OriO 

0*05® 

0*0460 

0*0084 

0*0170 

0*0633 


C*05?6 
0*1 CO 2 
0*0?  15 


0*0243 


TABLE  A-V 

Mode?  km  L/3=*  (Kotsinai)  B/T  =  5.00  (fkxrinal) 


Model 

Characteristics: 

L  =3 
PP 

rt 

O 

II 

11.48  lbs  F.W. 

at  /o  t- 

.  11  A  _  * 

,  —  - 

.  i  k  ft 3 

Scale 

Ratio  = 

20.33  fc 

*  100  000 

-lb  ship 

In  59°F 

S.V.; 

cA=°  for 

prediction  of  R  , 
K  sr 

VH 

m 

REM 

C7K 

TRIM 

HEAVE 

FNL 

FND 

RROO 

RSOO 

ft/sec 

lb 

xiO”5 

xid3 

deg 

in 

TCCT  C 
*  *  V 

i  LCG 

=■  1,98-in  aft  saidsHip  (level  tri 

m) 

3.S5 

0*332 

1*226 

11*64 

0-43 

-0*25 

0-405 

C-S31 

0*0211 

0*0272 

5*72 

1*121 

1*762 

16*53 

3*70 

-0*16 

0*562 

1-336 

0*0742 

0-0861 

'7*54 

1*320 

2*322 

11*20 

4*16 

0*06 

0*767 

1*764 

0*0763 

0*0351 

5*46 

1*213 

1-390 

14*02 

4*12 

-0*03 

0*657 

1-511 

0*0764 

0*0313 

4*e? 

0-772 

1*445 

16*93 

2*40 

-0*23 

0*477 

1-097 

0*0509 

0*0531 

5*02 

0*890 

1-546 

17*04 

3-04 

-0*21 

0*511 

1*174 

A./'Wk 

v*\rgc?w 

0*0683 

5*11 

1*160 

1*882 

14*99 

4*10 

-0-07 

0-622 

1-429 

0*0746 

v’vOOw 

4*33 

0*551 

1*334 

14*16 

1*42 

-0-24 

0-441 

1*013 

0*0338 

0*0409 

TEST  6 

:  LCG  - 

3.78-In 

aft  asidship 

5*93 

0*419 

1*226 

12-76 

2*50 

-0*10 

0-405 

0*931 

0*0244 

0*0304 

6*  73 
7*55 

1*219 

1*421 

17*31 

12-05 

5*71 

6*23 

C*C8 

0*40 

0*583 

0*76? 

1*340 

1*764 

0*0826 

0*0850 

0*0946 

0*1049 

5*01 

4*65 

1*023 

0*893 

1*543 

1*445 

13*76 

19*59 

5-21 

4-61 

0*02 

-0-02 

0*510 

0*477 

1*172 

1*097 

0*0711 

0-0614 

C-CS04 

0*CS9S 

4*52 

0*624 

1*331 

16*13 

3*34 

-0-05 

0-440 

1-CIi 

0*0403 

0*0473 

TEST  7 

X  Lf-G  ■ 

5.58-in 

aft  asidship 

1*97 

0*537 

t  .dOO 

1*223 

t  _  rv.?i 

17-97 

AC 

5-16 

0*16 

0*404 

0*92? 

0-0390 

0*04Oi 

21*o5 

8-25 

0*47 

0-564 

1*343 

0*1063 

0*1183 

0. 18-in 


0*5*51 

3*08H 


R-16&7 


TABLE  A-Vi 

Model  4?79  L/8  =  3  {Ncrainai} 


2 *  J  -  5.^  (Morainal) 


Model  Charsets 

riotics: 

L  = 

€*  •  A 

-*  *  v  1  w 

=*  20. Li 

lbs  r.v. 

at  76° 

F  ;  W.A.  2 

,8L  ft2 

pp 

Scale  Ratio  = 

16.83  for  100, 000- lb  ship  in  5S? 

S*W':CA 

=0  fer 

predi  ct  ion 

of  R  .. 

Shij 

VK 

RH 

REM 

cm 

TRIM 

Ksfeve 

FHL 

RID 

RROD 

xSOD 

ft/sec 

lb 

xlO*5 

xsO3 

deg 

in 

TEST  L 

LCG  = 

1 .33-in 

aft  asdish‘p  (? 

eve5  trls) 

3*97 

0*697 

1*223 

16-03 

0*13 

-0*42 

0*404 

0  *844 

0*0251 

0*0298 

6-73 

2*7S1 

1*7S5 

30*59 

5*96 

-0-37 

0-  585 

1*218 

0-1187 

0*1273 

7*  S3 

2*S43 

2-319 

18*23 

6-17 

o*cs 

0*766 

i -SCO 

0-1104 

C-1253 

8*24 

3*143 

2*538 

18*35 

6*48 

0*21 

0*8® 

1-751 

0*1200 

0*1382 

5*81 

2*371 

2*0S8 

22*51 

6*23 

-0*03 

0*693 

1*44? 

0*1165 

A  - 

v  *  4W7 

c*ec 

2*C17 

1*540 

29*33 

3- 95 

-0*43 

0*605 

1-06? 

0^0851 

0-0323 

5*45 

2*382 

1-390 

25-11 

6*42 

-0*07 

0*65? 

1  -  37  3 

0*2195 

0*1309 

5*  1C 

2*8S6 

1*S73 

27*42 

6*34 

-0*14 

0*621 

1*297 

0*1178 

C>1352 

4*© 

1-435 

1*445 

24*51 

2*53 

-0*37 

0*arr? 

0*997 

0*0504 

C-C-J-35 

TEST  2: 

LCG  = 

5-78- *n 

aft  as 

idshlps 

7*§3 

3*146 

2*319 

20-27 

6*83 

0*35 

C-766 

1*600 

0-1253 

0-14P? 

6*as 

3-145 

2*096 

24-86 

8*64 

0*21 

0*683 

1*447 

0*1301 

0*1429 

5*39 

2*773 

1-660 

34*7$ 

6*09 

-0*12 

0*349 

3*148 

0*1204 

0*12&6 

4-63 

1*607 

1-445 

26*55 

5-57 

-0*21 

0*457 

0*907 

0*06® 

0*0729 

6*17 

3*033 

1*900 

29*02 

S-41 

-0-C6 

0*623 

1*311 

C-12SS 

C«13&4 

3*97 

0*742 

1*223 

17*12 

4-7S 

0*404 

c*a§4 

0*0273 

0*0320 

TEST  3: 

LCG  = 

5-58-in 

aft  asidshlps 

3*97 

C*St6 

.1*223 

22*74 

5-55 

-0*10 

A  4*,* 

0*346 

0*0383 

v-?M4* 

7*63 

4*469 

2*313 

23*€S 

12*27 

0*57 

0*785 

1  *  O-.0 

0-2SE5 

5-36 

3-542 

1*657 

44*45 

10-95 

v*li 

0*546 

1*143 

0-1 5?a 

C-1SS1 

4*56 

2*112 

1*441 

35-06 

3*00 

0*0? 

0-475 

C->S'£ 

U*C91<s 

0*5976 

6*31 

4*  ISC 

2-CSS 

S£*51 

11*89 

0*46 

C-6&S 

1-44? 

0*179? 

C-iScS 

6*09 

3*8® 

1-87S 

38*21 

11*00 

0*50 

0*622 

1*294 

0-1713 

0-1817 

TEST  4: 

LCG  = 

t  0. 

aft  asidships 

3*97 

0*719 

\*2ZS 

16*e» 

-2*4? 

-0*73 

0*404 

0-044 

5*0282 

5*73 

2*38S 

1*785 

31  -S3 

3*77 

-0*77 

1-21S 

0*12® 

0*1332 

7*55 

5-270 

2*  302 

20*91 

0- 

-0*53 

C***f? 

i-cC3 

0*1315 

0*K67 

6*31 

V*  V4rv 

2*0» 

24*22 

3*SS 

C-Ss5 

1*447 

0-2273 

V*  1401 

4-63 

1*629 

27*04 

-0*02 

-?*?5 

S*?93 

0*0S?6 

>  .  .Vr  '  A 

V«S**V 

4*32 

1-CSS 

4.755 

21*® 

-l*9i 

-0*£2 

7*916 

--0^5 

1.^7 

S-«3 

S*fc 

■**V*$X 

*  ^  a**. 

.  4  1 C  - 
*—  3****- 

«%  -I  -L 
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APPENDIX  8 

INFLUENCE  OF  LCG  VARIATIONS 
ON  PRE-PLAN  I NG  RESISTANCE 

Small  craft  operations  frequently  entail  substantia!  variations 
of  longitudinal  weight  distributions  which,  depending  upon  speed,  are 
known  to  produce  important  variations  of  resistance.  Test  results  for 
nine  models,  in  some  cases  with  more  than  one  displacement,  with  Hovers’ 
different  LC'"  positions  have  been  analyzed  to  derive  approximate  equations 
for  estimating  the  change  ?n  R^/A  for  a  given  change  in  LCG  position  from 
a  nominal  standard.  These  results  can  be  used,  together  wi th  Eqs.  (6)  to 
estimate  resistance  of  a  proposed  design  for  its  S’stand?~d"  LCG  condition 
and  for  variations  from  this  condition,  it  should  be  noted  that  the 
equations  are  intended  for  use  in  predicting  influence  of  variations 
in  LCG  position  for  a  given  hull  form  and  probab  ,  are  not  suitable  for 
predicting  the  optimum  LCG  position  in  the  course  of  hull  lines  develop¬ 
ment  for  a  new  design. 

The  resistance  data  for  Series  62  models  (hard  chis.es  and  full 

waterline  endings)  which  were  used  as  part  of  th?.  data  for  deriving  Eq.  (b) 

correspond  to  the  LCG  position  k  percent  of  L  aft  ->f  the  centroid  of 

pP 

the  projected  horizontal  area  below  the  chines.  This  "standard"  condition, 
which  was  selected  somewhat  arbitrarily,  is  close  to  the  optimum  for 
minimum  R.J./A,  but  the  exact  optimum  ICG  varies,  depending  on  F^,  dis¬ 
placement,  k^/£x,  3nc*  ot*ier  factors.  For  Series  63  models  (round  biHe 
and  somewhat  finer  bow  water ! ine  endings)  the  data  used  in  the  develop¬ 
ment  of  Eq.  (6)  were  taken  from  Beys’1  report  all  of  which  correspond 
to  level  keel  conditions.  Test  results  reported  in  Appendix  A  indicate 
that  this  condition  is  a  fairly  good  approximation  o?  the  optimum  LCG 
position  fo~  the  speeds,  .aedels  end  displacements  covered.  Figure  17 
snows  the  range  of  variation  of  LCG/L  (measured  from^S)  for  Series  62 

PP 

and  Series  63  models,  as  well  as  ^11  of  the  other  Series  models. 

In  applying  the  following  approximations  for  the  variation  of  re¬ 
sistance  with  variation  of  LCG,  it  is  necessary  to  er  ...ate  the  specific 
LCG  position  for  which  Eo.  (6)  is  assumed  to  apply,  and  then  use  the  ap¬ 
proximating  equations  given  below  for  variations  from  that  "st  ~rd"  LCG. 
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For  most  ad  hoc  hull  forms,  tnis  may  be  simply  assumed  to  lie  at  the 
middle  of  the  range  of  values  exhibited  in  Figure  37,  namely  LCG/t 
*  k. 5  percent  aft  of  ,  and  this  may  be  assumed  to  correspond  to  the 
optimum  position.  If,  however,  the  designer,  by  virtue  of  his  exper¬ 
ience  and  knowledge  of  test  resuits  for  a  hull  form  sufficiently  similar 
to  the  ad  hoc  form,  considers  that  the  "standard"  LCG  position  corresponds 
to  some  other  value  and  is  not  exactly  optimum,  ha  may  develop  alternative 
procedures  for  applying  the  corrections  for  variations  in  LCG  position. 

For  instance,  if  the  ad  hoc  form  is  similar  to  a  Series  62  mode!,  with 

L/B  'v  3,  it  may  be  better  to  assume  Eq.  (6)  applies  for  the  "standard" 

LCG  position  about  5"3/*'i  percent  aft  of  jS.  and  that  it  is  not  exactly 
optimum,  and  use  the  results  described  below  to  estimate  the  variations 
in  FL./A  for  variations  in  LCG/L  from  -.0575. 

l  pp 

Data  (R^/A  for  100,000- lb.  ship  in  59°F  S.W.,  **  0.0)  for  models 

of  Series  62  (Ref.  3)  and  Series  63  (Appendix  A  of  this  report)  have  been 
tabulated  fan  faired  curves  for  the  conditions  of  disp lacements  and  LCG 
position  available  from  these  tests  for  values  of  «  1.1,  1.3,  1.5, 

i.7  and  1.9-  There  are  at  least  k,  and  sometimes  5,  LCG  positions  for 

each  of  20  model-displacement  conditions.  Least-squares  curve  fits  of 
these  data  according  to  the  equation 


“  ~  (~)  .  ,  ,  =*  a  +  B6  -t-  y52 

A  A  standard 


(B-l) 


whe  re 


Rt  Kj 

(■— -}  .  .  ,  is  the  value  of  (7— )  corresponding  to  the  "standard" 

A  standard  A  r  3 

LCG  position 


$  *  100  x 


<LCC'standard'L« 


(5  is  positive  if  the  LCG  is  aft 
of  the  standard  LCG) 


for  each  of  the  ]k  or  rrore  model  and  displacement  conditions  at  each 
^nV  (some  model  variations  did  not  extend  to  the  highest  F^'s,  due  to 
danger  of  swamping  the  model  during  start  or  stop  of  test,  or  for  other 
reasons) . 


■er 

kSb 
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The  application  of  the  form  of  Eq.  (B-l)  W35  suggested  by  carpet¬ 
plotting  or  resistance  data,  as  illustrated  in  Figure  B-l,  for  Series  62 
Model  k666,  with  L/V^  =  5-082.  The  iso-Fn?  curves  are  roughiy  para¬ 
bolic  fo<  this  case  and  others  as  well.  It  may  be  noted  that  the  optimum 

LOG  oosition  for  this  case  is  about  8%  aft  of  the  centroid  cf  A  (the 

P 

a^ea  of  the  chine  projection  on  a  horizontal  plane),  and  not  at  the  k% 
value  used  as  the  nominal  standard  LCG  position.  This  is  true  over  most 
of  the  speed  range  except  at  the  extremes,  F  ^  =  1.0  and  =  2.0.  The 
optimum  LCG  depends ,  in  general,  on  the  displacement  and  other  hull  form 
coefficients  in  addition  to  the  speed. 

The  a,  8  and  y  coefficients  have  been  analyzed  to  determine  their 

1  /3 

dependence  on  hull  form  coefficients  L/V  and  i  for  each  F  The 

e  nv 

mean  value  of  o  is  negligibly  small  for  ail  F  _  which  gives  R_/£=R _/£ 

"  nV  T  1  standard 

for  LOG  »  LCG  ,  .  .. 

standard 

The  6  and  y  coefficients  dependence  upon  hull  form  characteristics 
have  been  approximated  by  the  following  equations: 

B  =  8.  +  B„X  +  B  U  +  8,  XU  +  S  X2  +  B  U2  *■  S,UX2  +  BeXU2  (3-2) 

y  =  Yj  +  y2X  +  y^U  +  y^XU  +  ysX2  +  y6U2  +  y7UX2  +  Y0XU2  {B~3) 

i  /n  _ 

where  X  =  V  /J/LWL  and  U  =  /2~?e',  as  for  Eq.  (6).  Values  for  the  0.  !s 
and  y.'s  for  five  Froude  numbers,  F  „  =  1.1,  3.3,  1.5,  1-7  and  1,3,  are 

i  nv 

given  in  Tables  8-1  and  8-1! .  The  &.  coefficients  have  been  derived 
using  the  data  for  Series  62  models  only.  For  Series  63,  the  values 
of  6  are  rather  small  and  may  be  negiected. 

For  application  to  ad  hoc  forms,  5t  is  suggested  that  the  coeffi¬ 
cient  B  be  omitted;  that  is,  assume  that  the  "standard"  LCG  position 
corresponds  to  the  optimum.  This  approximation  ;s  expected  to  be  ac¬ 
ceptable  for  most  cases  for  F  „  betweer  ’.0  and  2.0,  but  does  not  hold 

nv 

for  Series  62  models,  especially  for  the  shortest  model  of  that  series. 

Chances  in  resistance  due  to  changes  in  LCG  position  should  be 
considered  to  be  influences  on  residuary  resistance  and,  hence,  not  de* 
pendent  on  cract  size  (Reynolds  number) . 
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TABLE  B-l 

COEFFICIENTS  FOR  ESTIMATING  VARIATION  IN  RESISTANCE 
FOR  VARIATION  IN  LCG 

*T  (h\ 

u  “U  /  ,  =  86  4y62 

'  standard 


3  Coefficients  (for  Series  62  only) 


X  .  v,/3 

/L 

U  -  v‘2  *e 

Coeff 

Mul t ipl ies 

Fnn=  !.l 

1.3 

1.5 

1.7 

^1 

i 

0.06266 

0.11387 

0.26617 

-0.03665 

02 

X 

-1.44723 

-2.89942 

-2.14275 

- 

&3 

U 

-O.C^717 

-0.01237 

-0.06276 

- 

m 

XU 

0.28849 

0.57726 

0.48763 

0.22880 

3s 

X2 

- 

- 

- 

-7.63330 

3  6 

U2 

- 

- 

0.00412 

- 

37 

ux2 

0.02496 

0.09913 

0.23579 

0.73413 

3  8 

XU3 

-0.01443 

-0.03025 

-0.03469 

-0.02065 

1.9 

-0. 17794 
-0.22876 
0.05139 

-0.00368 


0.00374 
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TABLE  B- 1! 

COEFFICIENTS  FOR  ESTIMATING  VARIATION  IN  RESISTANCE 
FOR  VARIATION  IN  LCG 


Coerf 

Hul tipi ies 

Rt  /. 

4  "Vi 

1 

X  ■  v 

Fn7e  l-i 

V)  . 

^  standard 

— r-cu 

UVCI  i  r  v • 

,/3/l  u 

1  0 
* 

35  +  yo2 

5.5 

1-7 

Yx 

1 

-0.01147 

-0.02147 

- 

0.02789 

Yg 

X 

- 

- 

-0.12525 

-0.3248? 

Ya 

U 

0.00448 

0.00814 

0.00337 

-0.00308 

Y* 

XU 

-0.02294 

-0.03942 

-0.01197 

0.03516 

Yb 

Xs 

0.56067 

0.98997 

0.95193 

0.93321 

Ts 

if 

tO. 00035 

-0.00064 

-O.OOG37 

- 

Y7 

ux3 

-0.06164 

-0.11365 

-0.10312 

-0.09722 

Ys 

XU3 

0.00250 

0.00443 

0.G0273 

- 

ar 

/  S’ 


?-9 

0.05502 

-G.15222 

-0.01430 

0.04318 

0.00096 

0.01656 

-0.00347 
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EXTENT  OF  CHINE  WETTING  FOR  PRISMATIC  0EA0RI3E  HULLS 


COMPUTED  BY  PLANING  EQUATIONS  (REF.I) 
TEST  DATA  { REF.  3  i 
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RANGE  OF  VARIATION  OF  ie  AS  A  FUNCTION  OF  L#iyVW3 

FOR  MODELS  USED  DEVELOPING  RESISTANCE  -  ESTIMATING 
EQUATION 
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RANGE  OF  VARIATION  OF  L^/B  AS  A  FUNCTION  OF  Lwl/V  FOR  MODELS  USED  IN  DEVELOPING 
RESISTANCE  -  ESTIMATING  EQUATIO  N 
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7.  RANGE  OF  VARIATION  OF  LCG/LD~  AS  A  FUNCTION  OF  i.  /V 
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FOR  MODELS  USED  IN  DEVELOPING  RES  I  STANCE -ESTIMATING 
EQUATION 
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PLANING  EQUATION 


FSG.20b.  COMPARISON  OF  PREDICTED  RESISTANCE  ACCORDING  TO 
DERIVED  RESISTANCE-ESTIMATING  EQUATION  AND  TO 
PLANING  EQUATION  WITH  MEASUREMENTS  FOR 
MODEL  4666  OF  SERIES  62 
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